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THE USE OF LOCATION AND LOCAT ION- INTENS 

PATTERNS I N  ELECTROCUTANEOUS COMMUNICAT 

Par t  I 

Formulat ion o f  t h e  Problem 

Object i ves 

T Y  

ON 

The aim of  t h e  research descr ibed i n  t h i s  r e p o r t  has been t o  develop 

and t e s t  e lect rocutaneous codes f o r  general  language communication and, 

i n  t h e  process, t o  i n v e s t i g a t e  f u r t h e r  man's i n f o r m a t i o n  h a n d l i n g  a b i l i t i e s ,  

A l s o ,  the  e lect rocutaneous s t imulus i t s e l f  has been s t u d i e d  i n  the  b e l i e f  

t h a t  a b e t t e r  understanding of  i t s  b a s i c  p r o p e r t i e s  might  f a c i l i t a t e  t h e  

c o n s t r u c t i o n  o f  more e f f i c i e n t  e lect rocutaneous codes. 

The major o b j e c t i v e  has been t h e  development o f  an e lect rocutaneous 

code f o r  t h e  communication o f  general language i n f o r m a t i o n  a t  use fu l  

r a t e s .  Th is  o b j e c t i v e  invo lves  b o t h  p r a c t i c a l  and t h e o r e t i c a l  cons idera-  

t i o n s .  I t  has p r a c t i c a l  i m p l i c a t i o n s  because t h e  development o f  such a 

code might  serve w e l l  i n  s o l v i n g  c e r t a i n  c u r r e n t  problems i n  communication. 

For example, t h e r e  a r e  many s i t u a t i o n s  i n  which v i s u a l  and a u d i t o r y  

channels a r e  e i t h e r  over loaded w i t h  ongoing communication o r  rendered 

n e a r l y  useless by i n t e r f e r r i n g  noise.  I n  s i t u a t i o n s  such as these, t h e  

t ransmiss ion  o f  general  language i n f o r m a t i o n  might  be accomplished b e t t e r  

through use o f  another  sensory channel .  The cutaneous channel i s  an 

obv ious candidate f o r  t h i s  use. I t  i s  p r e s e n t l y  unused f o r  the most p a r t ,  

i t  i s  responsive t o  s t i m u l a t i o n  o f  known s o r t s ,  and i t  i s  f a i r l y  w e l l  

p r o t e c t e d  f rom extraneous s t i m u l a t i o n .  I n  a d d i t i o n ,  e l e c t r i c a l  s t i m u l a t i o n  

o f  the  s k i n  seems t o  o ' f f e r  an i d e a l  s i g n a l  source f o r  those s i t u a t i o n s  i n  

which p r i v a t e  communication i s  r e q u i r e d .  The s i g n a l  i s  i n v i s i b l e  and 

i n a u d i b l e ,  and i t  can be made b o t h  e f f e c t i v e  and f l e x i b l e .  U n l i k e  the  

v i s u a l  o r  a u d i t o r y  s t i m u l u s ,  the e l e c t r i c a l  s i g n a l  must be a p p l i e d  d i r e c t l y  
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I 

h t o  the  person of  the  intended rece ive r  and t h i s  f u r t h e r  insures the  p r i v a c y  

o f  communication. 

The o b j e c t i v e  has t h e o r e t i c a l  imp l i ca t i ons  because the process o f  develop- 

i ng  a code w i l l  pe rm i t  v a l i d a t i o n  o f  f i n d i n g s  regard ing  the  l e g i b i l i t y  o f  

e lec t rocu taneous s t imu lus  a lphabets,  the c h a r a c t e r i s t i c s  o f  response a lphabets 

f o r  language in fo rmat ion ,  and the  c o m p a t i b i l i t y  e f f e c t  o f  s t imulus-response 

ensembles. As mat te rs  p r e s e n t l y  stand, f u r t h e r  advances i n  these t h r e e  areas 

demand a f u l l  sca le  t e s t  of  the p r e d i c t i o n s  and i m p l i c a t i o n s  o f  the c u r r e n t  

g e n e r a l i z a t i o n s .  Such a t e s t  was sought i n  the  c o n s t r u c t i o n  o f  the general  

purpose e lect rocutaneous communication language repor ted  h e r e i n .  

Background 

L e g i b i l i t y  o f  t he  St imulus Alphabet 

One d e c i s i o n  t h a t  must be made before  c o n s t r u c t i n g  a cutaneous code i s  

t h a t  o f  the  number o f  dimensions t o  be employed i n  the  s i g n a l s  t h a t  make up 

the  code. 

t h i s  d e c i s i o n .  

Fo r tuna te l y ,  t he re  a re  r e l e v a n t  da ta  t h a t  proved u s e f u l  i n  making 

A t h ree  dimensional  v i b r o t a c t i l e  code, i n  w l i c h  the st imulc ls  was va r ied  

i n  l o c a t i o n ,  i n t e n s i t y ,  and du ra t i on ,  was s tud ied  by Howell (1956). Communica- 

t i o n  was c l e a r l y  demonstrated, bu t  not w i t h o u t  a l a r g e  number o f  confus ions 

i n v o l v i n g  the  dimensions o f  i n t e n s i t y  and d u r a t i o n .  Using a s i m i l a r  approach, 

Foulke (1964, 1965a) t r a i n e d  2 s  i n  the use o f  a th ree  d imensional  e l e c t r o -  

cutaneous code. 

u n f a m i l i a r  prose were achieved. However, as i n  the  case o f  the v i b r o t a c t i l e  

code, confus ions o f  i n t e n s i t y  and d u r a t i o n  were numerous and p e r s i s t e n t .  

Furthermore, response t imes t o  the  code s i g n a l s  were d i s t r e s s i n g l y  long and 

i t  appeared t h a t  t he  t r i d imens iona l  code s i g n a l s  were no t  r e a d i l y  s u b i t i z e d ,  

even a f t e r  many months o f  t r a i n i n g .  

Communication ra tes  o f  over  20 words per  minute (wpm) w i t h  
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The informal experience of those associated with the electrocutaneous 

code project at the University of Louisville lead to the hypothesis that the 

communication rate possible with use of a cutaneous code is an inverse 

function of the number of stimulus dimensions employed in composing code 

signals. This hypothesis was evaluated experimentally (Foulke, Alluisi & 

Coates, 1966). 

four experimental groups. Group 1 learned a code based on location cues alone. 

Group 2 learned a code using location and intensity as cues. Group 3 learned 

a code with location and duration cues, and Group 4 learned a code with all three 

cues, location, intensity and duration. The results showed Codes 1 and 2 to be 

best in terms of communication rate. Code 3 was intermediate and Code 4 

was poorest. 

A different electrocutaneous code was taught to each of 

In the location code evaluated in this experiment, only one location 

was stimulated at a time. If a code with a large number of signals were 

constructed in this way, the person receiving the signals would be required 

to make a large number of absolute identifications within the single stimulus 

dimension of location. This may be possible, but there is little evidence 

regarding man's ability to do so.  Experimental results regarding the number 

of absolute identifications available in other electrocutaneous stimulus 

dimensions indicate that the number is too small for any but the simplest of 

codes, if only one value in a stimu us dimension is to be presented at a 

time. For instance, Hawkes (1960, 961) and Hawkes and Warm (1960) obtained 

three absolute stimulus identificat ons in the intensity dimension and 

Hawkes (1961a, 1961b) obtained four absolute stimulus identifications in the 

duration dimension. 

One solution to this problem is the simultaneous presentation of stimuli 

at more than one location. Croner (1960) has discussed the problem of acuity 
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when e l e c t r i c a l  s t i m u l i  a r e  a p p l i e d  i n  t h i s  manner, and A l l u i s i ,  Morgan and 

Hawkes s t u d i e d  the  e f f e c t s  o f  a c u i t y  f o r  numerosi ty.  

than t w o  a r e  s t imu  ated, a t  one t ime, the S sometimes f a i l s  t o  r e p o r t  

s t i m u l a t i o n  a t  one o r  more o f  the  l oca t i ons .  There appears t o  be some c e n t r a l  

mechanism of cutaneous masking f o r  t h i s  occurs even when the  s i g n a l s  a r e  w i d e l y  

separated on the  s k i n  ( A l l u i s i ,  Morgan and Hawkes, 1965). 

When more l o c a t i o n s  

A d d i t i o n a l  research a t  t he  U n i v e r s i t y  o f  L o u i s v i l l e  has i n d i c a t e d  t h a t ,  

w i t h  r e l a t i v e l y  l i t t l e  p r a c t i c e ,  Ss can name p a t t e r n s  composed o f  two st imu- 

l a t e d  l o c a t i o n s  w i t h  good accuracy when the  two a r e  on d i f f e r e n t  s ides  o f  the  

body. They can a l s o  i d e n t i f y  pa t te rns  composed o f  t h r e e  s t i m u l a t e d  l o c a t i o n s ,  

t w o  on one s i d e  o f  t he  body and one on t h e  o t h e r ,  w e l l  enough t o  suggest 

f u r t h e r  c o n s i d e r a t i o n  of t h i s  approach i n  cod ing  t h e  e l e c t r i c a l  s t imu lus .  

F u r t h e r  support  o f  t h i s  conc lus ion  has been ob ta ined by Foulke, Morgan 

and A l l u i s i  (Foulke, 1965), w i t h  t e s t s  of a l o c a t i o n  p a t t e r n  code i n  which s i x  

f i n g e r t i p s ,  t h ree  on each hand, could be s t imu la ted .  The s t imu lus  was a b r i e f  

dc pu l se .  The p a t t e r n s  used were the same as those t h a t  occur i n  the  B r a i l l e  

Code, which makes use o f  s i x  d o t  l oca t i ons .  The was an experienced b r a i l l e  

reader and he responded t o  p a t t e r n s  o f  dc s t i m u l i  by pronouncing t h e  l e t t e r  

assoc ia ted  w i t h  the  do t  p a t t e r n  i n  the  B r a i l l e  Code t h a t  resembled the dc 

s t imu lus  p a t t e r n .  T h i s  arrangement r e s u l t e d  i n  a code w i t h  r e l a t i v e l y  h i g h  

st imulus-response c o m p a t i b i l i t y  f o r  the  i n  ques t i on .  The S ' s  t a s k  was 

mere ly  t o  s u b s t i t u t e  p a t t e r n s  of e l e c t r i c a l  s t i m u l i  f o r  p a t t e r n s  o f  t he  over -  

learned b r a i l l e  s t i m u l i .  When a l l  p o s s i b l e  combinat ions w i t h i n  s i x  p o s s i b l e  

l o c a t i o n s  were used, the  - S responded w i t h  less  than 20% e r r o r .  The p a t t e r n s  

most f r e q u e n t l y  i nvo l ved  i n  e r r o r  were those conta in in 'g  more than th ree  

l o c a t i o n s  on a s i n g l e  hand. The 5 was tes ted  on a code i n  which these p a t t e r n s  

.- 



were e l i m i n a t e d  and he performed w i t h  fewer than f i v e  percent  e r r o r s .  

"opt imized" code conta ined 39 s i g n a l s ,  a number s u f f i c i e n t  f o r  t he  cons t ruc t -  

ion  o f  a s imp le  alphanumeric code. 

l a r g e r  numbers o f  s i g n a l s ,  of  course. 

o f  u s i n g  such codes, a s tudy was undertaken.by Foulke,  Morgan & A l l u i s i  (Foulke,  

1965), f o r  the  purpose of  comparing three l o c a t i o n - p a t t e r n  codes t h a t  d i f f e r e d  

w i t h  respec t  t o  the  number o f  poss ib le  l o c a t i o n s  a v a i l a b l e  f o r  forming s t imu lus  

p a t t e r n s .  The f i r s t  code made use of s i x  l o c a t i o n s ,  t h ree  f i n g e r t i p s  on each 

hand. An e i g h t  l o c a t i o n  code made use o f  f o u r  f i n g e r t i p s  on each hand, and a 

ten  l o c a t i o n  code made use of a l l  f i v e  f i n g e r t i p s  on each hand. Only those 

p a t t e r n s  formed from th ree  o r  fewer l oca t i ons  were used, and p a t t e r n s  i n v o l v i n g  

a l l  t h r e e  l oca t i ons  on a s i n g l e  hand were a l s o  d iscarded.  Each code conta ined 

39 s i g n a l s ,  and the th ree  codes were balanced w i t h  respect  t o  the  number o f  

1 - l o c a t i o n ,  2 - l o c a t i o n  and 3 - l o c a t i o n  p a t t e r n s .  Comparison o f  the e r r o r s  

This  

More s o p h i s t i c a t e d  codes would r e q u i r e  

I n  o rder  t o  i n v e s t i g a t e  the  p o s s i b i l i t y  

made by the  th ree  groups of  S s  who learned these codes showed them t o  be 

f a i r l y  equal i n  d i f f i c u l t y .  D i f fe rences  were smal l  and o f  no p r a c t i c a l  s i g n i f i -  

cance. On the s t r e n g t h  o f  these r e s u l t s ,  two more codes were compared, an 

e i g h t  and a ten  l o c a t i o n  code, each c o n t a i n i n g  39 s i g n a l s .  However, these 

codes were op t im ized by us ing  a l l  poss ib le  one and two l o c a t i o n  p a t t e r n s  and 

o n l y  as many th ree  l o c a t i o n  pa t te rns  as were needed t o  make up the  requ i red  

number o f  39 code s igna ls .  

those who learned the ten l o c a t i o n  code. 

Response Alphabet 

Under these c o n d i t i o n s ,  fewer e r r o r s  were made by 

So f a r ,  the  e f f o r t s  t o  communicate by s t i m u l a t i o n  o f  the s k i n  has 

made use o f  s imp le  o r  s l i g h t l y  mod i f ied  l i t e r a l  codes. For instance,  t he  

B r a i l l e  Code, which uses p a t t e r n s  of punc t i f o rm s t i m u l i ,  has a response 

a lphabet  c o n t a i n i n g  s i x t y  th ree  characters ,  l e t t e r s ,  punc tua t i on  marks, and 
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f r e q u e n t l y  r e c u r r i n g  l e t t e r  groups such as Iland'l, " ing" and t Ie tc . t f ,  and 

a b b r e v i a t i o n s  f o r  common s h o r t  words. The v i b r o t a c t i l e  code eva lua ted  by 

HoNell con ta ined 45 charac ters  c o n s i s t i n g  o f  l e t t e r s  , numbers , and a few 

words; f o r  example, t h e  a r t i c l e s  "the", "and", and "an" . F i n a l l y ,  the  

t h r e e  dimensional  e lec t rocu taneous code eva lua ted  by Foulke employed a 

39 element response alphabet c o n s i s t i n g  o f  l e t t e r s ,  numbers, punc tua t i on  

marks, and a few of t h e  c o n t r a c t i o n s  t h a t  occur i n  the  B r a i l l e  Code. 

I 

I .  
Though c o n t r a c t i o n s  and abbrqv ia t i ons  may be h e l p f u l ,  codes o f  t he  

s o r t  j u s t  mentioned s t i l l  r e q u i r e  the r e c e i v e r  t o  i d e n t i f y  a r e l a t i v e l y  

1 l a r g e  number of code elements f o r  most words rece ived.  Convent ional ,  

w r i t t e n  language i s  communicated v i s u a l l y  by means o f  a s imp le ,  uncont rac ted  

alphanumeric code. However, t he  v i s u a l  span i s  l a r g e  enough so t h a t  whole 

words or groups o f  words may be perceived s imu l taneous ly  o r  very  n e a r l y  so. 

The reader learns  t o  recognize whole o r  p a r t  word shapes so t h a t  he i s  

r e l i e v e d  o f  t he  necess i t y  o f  c o n s t r u c t i n g  words f rom successions of 

s e p a r a t e l y  perce ived ! e t t e r s .  T h i s  a b i l i t y  o f  t he  v i s u a l  reader t o  

conver t  t he  l i t e r a l  code i n t o  a code w i t h  perceptua l  u n i t s  t h a t  c a r r y  

much more i n fo rma t ion  than i s  c a r r i e d  by a s i n g l e  l e t t e r  r e s u l t s ,  o f  course, 

i n  a g r e a t l y  increased r a t e  o f  communication. I n  the  case o f  e l e c t r o -  

cutaneous codes l i k e  the  one s tud ied  i n  t h i s  r e p o r t ,  code elements must 

be presented t o  the  5 one a t  a t i m e  and t h e r e f o r e  must be perce ived 

success i ve l y .  Piecemeal p resen ta t i on  means piecemeal pe rcep t ion .  I f  a 

l i t e r a l  cutaneous code i s  used, such as one based on E n g l i s h  l e t t e r s ,  

t h i s  l i m i t a t i o n  r e s u l t s  i n  a r e l a t i v e l y  slow communication r a t e .  Th is  

i s  a l s o  t h e  case w i t h  a u d i t o r y  s igna ls ,  such as those used i n  Morse Code. 

A l though man receives language in fo rma t ion  a u r a l l y ,  t h a t  i s ,  f rom h e a r i n g  

speech, a t  r a t e s  o f  100 t o  300 wpm, the  e x p e r t  m i l i t a r y  standard f o r  

Morse Code r e c e p t i o n  i s  24 wpm. Morse Code i s  based on sending l e t t e r s  

whereaq qrwech i s  based uonn some o t h e r  DerceDtual u n i t .  

' 
I -  
I . 
I 

I 
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. 
One k i n d  o f  s o l u t i o n  t o  t h i s  problem has been the m o d i f i c a t i o n  o f  t h e  

response a lphabet .  The use o f  con t rac t i ons  and atibreviat ions i n  the  B r a i l l e  

Code a f fo rds  a good example. 

m o d i f i c a t i o n s .  The bas i c  l i t e r a l  a lphabet has been r e t a i n e d .  A more 

r a d i c a l  s o l u t i o n  was proposed by A l l u i s i  (1961). He suggested the  p a i r -  

i n g  of elements i n  the  s t imu lus  alphabet o f  a cutaneous code w i t h  t h e  

response elements o f  a language s y l l a b a r y .  To t e s t  t h i s  n o t i o n ,  he suggest- 

ed the  cod ing  o f  the  Japanese Katakana S y l l a b a r y .  The use o f  Katakana w i t h  

However, such s o l u t i o n s  have been o n l y  

Japanese speakers should r e s u l t  i n  a f a i r l y  r a p i d  t e s t  o f  t he  f e a s i b i l i t y  

o f  t h i s  approach toward the  coding o f  t h e  e lec t rocu taneous s t imu lus .  

Japanese students a r e  t r a i n e d ,  in  t h e  p r imary  grades, t o  use Katakana. 

They, u n l i k e  na ive  25, would have o n l y  the  s t imu lus  alphabet o f  e l e c t r o -  

cutaneous s i g n a l s  t o  l ea rn .  I n  accordance w i t h  t h i s  l i n e  of reasoning, 

Japanese i n d i v i d u a l s  have been employed as 2 s  i n  t h e  work repo r ted  here  

(see Par t  I I ,  p .  23), and have learned a code i n  which p a t t e r n s  o f  e l e c t r i c a l  

s t i m u l i  have been p a i r e d  w i t h  the klements i n  the  Katakana S y l l a b a r y .  

Stimulus-Response C o m p a t i b i l i t y  

One o f  the  f a c t o r s  de termin ing  the  f a c i l i t y  w i t h  which an a s s o c i a t i o n  

between a s t imu lus  and a response can be formed i s  t h e i r  c o m p a t i b i l i t y .  

T h i s  f a c t o r  i s  o f  c r u c i a l  s i g n i f i c a n c e  i n  choosing the elements i n  a 

response a lphabet  t h a t  a r e  t o  be p a i r e d  w i t h  the  elements i n  an e l e c t r o -  

cutaneous s t imu lus  a lphabet .  

d iscussed by severa l  w r i t e r s ,  and i t  was taken i n t o  account i n  making 

s t  irnulus-response assignments i n  t h e  codes cons t ruc ted  he re .  (see Par t  I I , 

p .  14). 

t h e  E n g l i s h  alphabet a r e  p o o r l y  s u i t e d  f o r  the  immediate p e r c e p t i o n  o f  

language i n  any form except t h a t  o f  read ing  the p r i n t e d  word. 

The ques t i on  of c o m p a t i b i l i t y  has been 

I t  has been po in ted  out ( A l l u i s i ,  1961) t h a t  t h e  26 l e t t e r s  of 

L ikewise ,  

. 
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phonemes appear t o  be p o o r l y  su i ted  as response elements o f  an e lec t rocu tan -  

eous communication system. Aside f rom t h e i r  u n f a m i l a r i t y  t o  the  general  

popu la t i on ,  i n d i v i d u a l  phonemes a r e  n o t  o r d i n a r i l y  perce ived by l i s t e n e r s  

when they hear speech any more than t h e  i n d i v i d u a l  l e t t e r s  a r e  perce ived 

when reading.  Some combined l i t e r a t e - l i n g u i s t i c  form may prove t o  be the  

most compat ib le  response alphabet f o r  these purposes, a se t  o f  forms t h a t  

would have the  f a m i l a r i t y  o f  l e t t e r s  t o  combine w i t h  the  i m p l i c i t  percept-  

a b i l i t y  of  speech. A s y l l a b i c  alphabet may f u l f i l  these requi rements.  

The use o f  Japanese speakers and the  Japanese language t o  t e s t  t h i s  reason- 

i n g  f u l f i l l s  bo th  p r a c t i c a l  and t h e o r e t i c a l  purposes. The t e s t  has the  

p r a c t i c a l  advantage o f  p r o v i d i n g  an es t imate  o f  the i n fo rma t ion  hand l i ng  

r a t e  ob ta inab le  w i t h  what has been p r e d i c t e d  t o  be a h i g h l y  compat ib le  

ensemble and i t  prov ides  t h i s  w i th  minimum t r a i n i n g  t ime.  Secondly, the  

t e s t  should i n d i c a t e  t h e  d e s i r a b i l i t y  o f  c o n t i n u i n g  a long  these l i n e s  i n  

t h e  development o f  a s u i t a b l e  s y l l a b i c  a lphabet  f o r  use w i t h  Eng l i sh  and 

o t h e r  Western krocpean languages. Obvious ly ,  i f  the ga in  i s  n o t  l a rge  

r e l a t i v e  t o  what can be r e a l i z e d  w i t h  l e t t e r s  a lone,  f u r t h e r  work on the 

c o m p a t i b i l i t y  o f  these s t imu lus  and response a lphabets i s  n o t  warranted.  

O n  t he  o t h e r  hand, i f  the t e s t  produces r e c e i v i n g  ra tes  n e a r l y  equ iva len t  
* 

t o  those f o r  speech o r  reading,  f u r t h e r  development o f  a code f o r  use w i t h  

E n g l i s h  language i s  warranted.  
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Par t  I I  

The Cons t ruc t i on  and Eva lua t ion  o f  Four Katakana Codes 

Determinat ion  of Feas ib le  Locat ions f o r  Use i n  a Locat ion  P a t t e r n  Code 

I n  the  encoding scheme employed i n  t h i s  p r o j e c t ,  t he  rep resen ta t i on  o f  t h e  

elements i n  the  Japanese Katakana Sy l labary  by e lect rocutaneous code s i g n a l s  

r e q u i r e s  the  use o f  p a t t e r n s  formed from 1,  2, o r  3 s t imu la ted  f i n g e r t i p  and 

palm l o c a t i o n s .  A l though prev ious  work (See Par t  1,  p. 3 )  had ind i ca ted  the  

f e a s i b i l i t y  of  such pa t te rns ,  i t  was decided t o  conduct a p i l o t  s tudy t o  check 

more s p e c i f i c a l l y  upon the  k i n d  o f  pa t te rns  t h a t  would a c t u a l l y  be employed 

i n  the  codes t o  be tes ted .  Accord ing ly ,  a group o f  s i g n a l s  was tes ted  t h a t  

inc luded p a t t e r n s  composed of o n l y  one l o c a t i o n ,  p a t t e r n s  composed of  two 

l o c a t i o n s  on a s i n g l e  hand, and pa t te rns  w i t h  th ree  l o c a t i o n s ,  two on one hand 

and one on the  o t h e r .  The t e s t  cons is ted  of  r e q u i r i n g  2s t o  i d e n t i f y  the  

s t i m u l a t e d  l o c a t i o n  o r  l o c a t i o n s  t h a t  c o n s t i t u t e d  the  s t imu lus  p a t t e r n s .  

Met hod 

Appa r a  tus  

The s t i m u l i  f rom which s i g n a l s  were composed were dc pu lses  produced by the  

sudden vo l tage  r i s e  t h a t  occurs when the  c u r r e n t  f l o w i n g  i n  an i n d u c t i v e  c i r c u i t  

i s  i n t e r r u p t e d .  One s i d e  o f  the 6 . 3  v o l t  w ind ing  o f  a smal l  f i l a m e n t  t ransformer 

was connected t o  the  nega t i ve  te rmina l  of a 1.5 v o l t  b a t t e r y .  The p o s i t i v e  

te rm ina l  o f  the  b a t t e r y  was re tu rned through the  no rma l l y  c losed con tac ts  o f  a 

s i n g l e  p o l e  double throw momentary sw i t ch  t o  t h e  o t h e r  s i d e  o f  the  6.3 v o l t  

w ind ing .  One s i d e  o f  the  117 v o l t  wind ing was connected t o  2 ' s  a c t i v e  e l e c t r o d e .  

H i s  pass ive  e l e c t r q d e  was connected through a rheos ta t  t o  t h e  Other  s i d e  o f  the  

117 v o l t  winding. When the  s w i t c h  i n  the  low v o l t a g e  w ind ing  was operated,  a 

pu l se  was produced w i t h  a n e a r l y  instantaneous- onset ,  an exponent ia l  o f f s e t ,  and 



10 

a d u r a t i o n  of approx imate ly  .5 m i l l i s e c o n d s  (msec.). The i n t e n s i t y  o f  t h i s  pu l se  

cou ld  be ad jus ted  by means of t h e  rheos ta t .  Separate c i r c u i t s ,  sha r ing  a common 

r e t u r n ,  were prov ided f o r  each of the l o c a t i o n s  under t e s t .  The swi tches ,  which 

were o r d i n a r y  micro-switches, were b o l t e d  together  t o  form a keyboard. 

keyboard, p a t t e r n s  o f  pu lses  cou ld  be d e l i v e r e d  t o  2 ' s  f i n g e r t i p s  and palms by 

p r e s s i n g  the  approp r ia te  combinations o f  keys. 

From t h i s  

The a c t i v e  e lea t rodes  were s t a i n l e s s  s t e e l  d i s c s ,  14 m i l l i m e t e r s  i n  

d iameter ,  and were mounted on handboards i n  such a way t h a t  when 2 ' s  hands 

were p r o p e r l y  p o s i t i o n e d  on these boards, t he  e lec t rodes  contac ted  the  a p p r o p r i a t e  

l o c a t i o n s .  The p o s i t i o n s  o f  the  e lec t rodes  on each handboard cou ld  be ad jus ted  

s l i g h t l y  t o  make al lowances f o r  d i f f e r e n c e s  i n  hand s i z e s .  Two pass ive  e l e c t -  

rodes were prov ided,  one on the  v e n t r a l  su r face  o f  each w r i s t .  Limb e l e c t r o d e s  

o f  t he  s o r t  found i n  EKG apparatus were used f o r  t h i s  purpose. No e l e c t r o d e  

pas te  was used. 

Procedure 

Before t e s t i n g  commenced, each 2 ad jus ted  s t imu lus  i n t e n s i t y  f o r  comfor t ,  

a l s o  

us 

n 

the s tudy .  

t o  2. He i d e n t i f i e d  them by pronouncing the  numbers corresponding t o  the  l o c a t i o n s  

used i n  fo rming  p a t t e r n s .  

Dur ing  the  t e s t ,  random sequences o f  s t i m u l u s  p a t t e r n s  were presented 

and for  equal apparent i n t e n s i t y  a t  a l l  t he  l o c a t i o n s  under t e s t .  He was 

acqua in ted  w i t h  a s imp le  response alphabet t o  be used i n  d e s c r i b i n g  s t imu 

p a t t e r n s  t h a t  cons is ted  o f  a numbering scheme f o r  the  l o c a t i o n s  employed 

Resu 1 t s  

The s t imu lus  p a t t e r n s  that  were tes ted  a r e  shown i n  F igu re  2 .1 .  I n  the  

f i r s t  t e s t  (see F igu re  2.18), 1 1  p a t t e r n s  i n v o l v i n g  7 s t imu lus  l o c a t i o n s  were 

examined. Seven of these were 1 - l o c a t i o n  p a t t e r n s  i n  which t h e  5 f i n g e r t i p s  

and l o c a t i o n s  a t  t he  base o f  t he  l i t t l e  f i n g e r  and the  base of t he  hand were 

s t i m u l a t e d  s i n g l y .  The remaining p a t t e r n s  were 2 - l o c a t i o n  p a t t e r n s  formed 
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Figure 2.1 
and 2-points on the right hand coupled with 1-point on the left hand (the 
circled locations on A E B ) .  

Locations tested using 1 C 2 points on the right hand ( B ,  C, D) 
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by p a i r i n g  the  thumb t i p  w i t h  t h e  fou r  f i n g e r s .  Two p r o j e c t  members, w i t h  

cons ide rab le  exper ience i n  responding t o  e l e c t r i c a l  s t i m u l a t i o n  o f  the  s k i n ,  

served as 2 s .  

each 5 made 264 observa t ions ,  and there were 528 observa t ions  i n  a l l .  F i v e  

hundred and fou r teen ,  o r  97% of the observa t ions  r e s u l t e d  i n  c o r r e c t  p a t t e r n  

Each 5 made 24 observat ions o f  each o f  the  1 1  p a t t e r n s .  Thus, 

i d e n t i f i c a t i o n s .  There were 336 observat ions o f  1 - l o c a t i o n  p a t t e r n s .  Three 

hundred and t h i r t y  f i v e ,  o r  99.7% of these observa t ions  r e s u l t e d  i n  c o r r e c t  

p a t t e r n  i d e n t i f i c a t i o n s .  There were 192 observa t ions  o f  2- l o c a t  ion  p a t t e r n s .  

O f  these, 179, o r  93%, were c o r r e c t l y  i d e n t i f i e d .  

I n  the second t e s t ,  I4 pa t te rns  i n v o l v i n g  10 l o c a t i o n s  were eva lua ted  

(see F igu re  2 . 1 C ) .  Ten o f  these were 1 - loca t i on  p a t t e r n s .  The o t h e r  4 

were 2 - l o c a t i o n  p a t t e r n s ,  formed by p a i r i n g  l o c a t i o n  10, t he  l o c a t i o n  a t  the  

base o f  t h e  hand, w i t h  the  thumb, f i r s t ,  second o r  l i t t l e  f i n g e r t i p s .  Each o f  

the  two 3 s  made 20 observat ions o f  each o f  t h e  I4 p a t t e r n s .  

280 observa t ions  per  2, and 560 observat ions i n  a l l .  

o r  95% o f  the  observa t ions  resu l ted  i n  c o r r e c t  p a t t e r n  i d e n t i f i c a t i o n .  There 

were 400 observat  ions o f  1- l o c a t  ion p a t t e r n s .  Three hundred and seventy-s i x ,  

o r  94% o f  these observa t ions  were c o r r e c t  i d e n t i f i c a t i o n s .  There were I60 

observa t ions  o f  2 - l o c a t i o n  pa t te rns .  

these observa t ions  r e s u l t e d  i n  co r rec t  i d e n t i f i c a t i o n s .  

Thus, there  were 

F i ve  hundred and t h i r t y ,  

One hundred and f i f t y - f o u r ,  o r  96% o f  

Two conclus ions a re  suggested by the  comparison o f  the  r e s u l t s  o f  Test 1 

w i t h  those of  Test  2. 

a .  Wi th  respect  t o  I - l o c a t i o n  p a t t e r n s ,  f i n g e r t i p  l o c a t i o n s  can be 

more a c c u r a t e l y  i d e n t i f i e d  than l o c a t  ions eisewhere on the hand. 

I n  Test  1 , 99.72, of the I - l o c a t  ion  p a t t e r n s  presented were i d e n t i f i e d  

c o r r e c t l y .  F i v e  ou t  o f  7 o f  these p a t t e r n s  invo lved f i n g e r t i p  l o c a t  ons. 

I n  the second t e s t ,  o n l y  94% o f  t h e  1 - l o c a t i o n  p a t t e r n s  were c o r r e c t  y 

i d e n t i f i e d .  I n  t h i s  case, 5 o f  the  IO I - l o c a t i o n  p a t t e r n s  invo lved 

palmer l o c a t i o n s .  
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b .  Two-locat ion p a t t e r n s  can be i d e n t i f i e d  more a c c u r a t e l y  when 

l o c a t i o n s  t h a t  make up t h e  p a t t e r n  a r e  w e l l  separated. I n  Test 

93% o f  the  2 - l o c a t i o n  p a t t e r n s  were i d e n t i f i e d  c o r r e c t l y .  I n  a1 

these p a t t e r n s ,  the  thumb was p a i r e d  w i t h  one o f  t h e  remaining f 

t i p s .  I n  Test 2, 96% of  the  2 - l o c a t i o n  p a t t e r n s  were i d e n t i f i e d  

the  

9 

o f  

nger- 

c o r r e c t l y .  I n  t h i s  case, t h e  l o c a t i o n  pa i red  w i t h  each o f  the  f i n g e r -  

t i p  l o c a t i o n s  was always a t  the base o f  t h e  hand, r e s u l t i n g  i n  a 

g r e a t e r  separa t i on  o f  s t imu la ted  l o c a t i o n s  i n  each p a t t e r n .  

I n  Tes t  3 ,  9 1 - l o c a t i o n  pa t te rns  were eva lua ted  (see F igu re  2.10).  

Each of t h e  two 2 s  made 24 observa t ions  o f  each o f  the  9 p a t t e r n s .  

- S made 216 observa t ions ,  and t h e r e  were 432 observa t ions  i n  a l l .  O f  these, 

412, or 95% r e s u l t e d  i n  c o r r e c t  p a t t e r n  i d e n t i f i c a t i o n s .  There were 240 observa- 

t i o n s  o f  the  5 p a t t e r n s  i n v o l v i n g  on ly  f i n g e r t i p  s t i m u l a t i o n ,  and no e r r o r s  were 

made. There were 192 observa t ions  o f  t h e  4 p a t t e r n s  i n v o l v i n g  s t i m u l a t i o n  a t  

l o c a t i o n s  o t h e r  than the  f i n g e r t i p s .  O f  these observa t ions ,  172 r e s u l t e d  i n  

c o r r e c t  p a t t e r n  i d e n t i f i c a t i o n s .  

Thus, each 

The r e s u l t s  o f  Test 3 may be taken as c o n f i r m a t i o n  o f  the impression 

conveyed by the  preceeding t e s t s .  One- locat ion p a t t e r n s  i n v o l v i n g  f i n g e r t i p  

l o c a t i o n s ,  a r e  c l e a r l y  more l e g  

l o c a t i o n s .  Nevertheless,  l e g i b  

f i n g e r t i p  l o c a t i o n s  may be h igh  

when t h e  use o f  f i n g e r t i p  l o c a t  

t h e  code under c o n s t r u c t i o n .  

I n  Tes t  4, p a t t e r n s  formed 

Each 

base 

one 

a r e  

perm 

b l e  than s i m i l a r  p a t t e r n s  presented a t  o t h e r  

1 i t y  o f  1 - l o c a t i o n  p a t t e r n s  i n v o l v i n g  o t h e r  than 

enough t o  war ran t  t h e i r  use on those occasions 

ons o n l y  w i l l  no t  meet the  s i g n a l  requirement f o r  

from 3 s t imu la ted  l o c a t i o n s  were eva lua ted .  

p a t t e r n  was composed of  two loca t i ons  on the  r i g h t  hand, ( l o c a t i o n  10 a t  t h e  

o f  t h e  hand p l u s  e i t h e r  the  thumb, f i r s t ,  second o r  l i t t l e  f i n g e r t i p s )  and 

o c a t i o n  on the  l e f t  hand (any one of t h e  f i v e  f i n g e r t i p s ) .  These l o c a t i o n s  

nd ica ted  by the  c i r c l e d  p o s i t i o n s  i n  F igu re  2.1A and B .  Th is  arrangement 

t t e d  the  fo rma t ion  of 20 d i f f e r e n t  p a t t e r n s .  One 3 made 10 observa t ions  o f  
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each s t i m u l u s  p a t t e r n  f o r  a t o t a l  o f  200 observa t ions .  

observa t ions  of each s t imu lus  p a t t e r n  f o r  a t o t a l  o f  100 observa t ions .  Combining 

t h e  d a t a  f o r  t h e  t w o  2 s  gave 300 observat ions,  o f  which 270,or 90"/9were c o r r e c t  

i d e n t i f i c a t i o n s .  

A second 5 made 5 

I n  e f f e c t ,  t h e  2 - l o c a t i o n  p a t t e r n s  i n  Test 2 were changed t o  t h e  + l o c a t i o n  

p a t t e r n s  i n  Test 4 by the  a d d i t i o n  o f  a t h i r d ,  l e f t  f i n g e r t i p  l o c a t i o n ,  t o  each 

o f  t h e  p a t t e r n s .  Adding t h i s  t h i r d  l o c a t i o n  reduced accuracy o f  i d e n t i f i c a t i o n  

f rom 96% t o  90%. 

I n  summary, i t  appears t h a t  1 - l o c a t i o n  p a t t e r n s  y i e l d  t h e  h i g h e s t  accuracy 

o f  i d e n t i f i c a t i o n ,  and t h a t  f i n g e r t i p  l o c a t i o n s  a r e  t o  be p r e f e r r e d  t o  l o c a t i o n s  

elsewhere on t h e  f i n g e r s  or palms. I f  p a t t e r n s  composed o f  two l o c a t i o n s  on a 

s i n g l e  hand a r e  t o  be employed, wide separa t ion  o f  those l o c a t i o n s  r e s u l t s  i n  

somewhat b e t t e r  p a t t e r n  i d e n t i f i c a t i o n .  Members o f  a 3 - l o c a t i o n  s e t  of  

p a t t e r n s  t h a t  have been generated by adding a l e f t  hand l o c a t i o n  t o  each o f  the 

members o f  t h e  best  s e t  o f  2 - loca t ion  p a t t e r n s  a r e  i d e n t i f i e d  less  a c c u r a t e l y  

than the  members o f  the  s e t  f rom which they were generated. However, accuracy o f  

i d e n t i f i c a t i o n  o f  these p a t t e r n s  i s  s t i l l  h i g h  enough t o  warrant  t h e i r  use when 

o t h e r ,  more i d e n t i f i a b l e  p a t t e r n s  are  n o t  a v a i l a b l e .  

Encoding the Katakana S y l l a b a r y  

Using t h e  i n f o r m a t i o n  reported i n  the preceding paragraphs, each o f  t h e  

symbols i n  the  Katakana a lphabet  was p a i r e d  w i t h  an e lect rocutaneous s i g n a l  

t h a t  cons is ted  o f  a p a t t e r n  o f  s imul taneously  s t i m u l a t e d  l o c a t i o n s .  Since a l l  o f  

t h e  p a t t e r n s  t e s t e d  were reasonably l e g i b l e ,  a d d i t i o n a l  f a c t o r s  were a l s o  taken 

i n t o  account i n  making assignments. A convent iona l  s p a t i a l  arrangement i s  

employed t o  d i s p l a y  t h e  symbols i n  t h e  Katakana S y l l a b a r y  (see Table 2 . 1 ) .  

s y l l a b a r y  i s  c o n v e n t i o n a l l y  read (o r  r e c i t e d )  by columns, proceeding f rom r i g h t  

t o  l e f t  and each column i s  read from top  t o  bottom. Since Japanese people,  

thorough ly  schooled i n  these convent ions,  were t o  l e a r n  t h e  code, an e f f o r t  was 

Th is  
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TABLE 2 . 1  

The Katakana Syl labary 

5 4 3 

HA (PA) (BA) TA (DA) SA (ZA) 
H I  ( P I )  (61)  T I  ( D I )  S I  ( Z I )  
HU (PU)  (BU) TU (DU) su (zu) 

HO (PO) (BO) TO (DO) so (zo)  
HE ( P E )  (BE) TE (DE) SE ( Z E )  

i o 9 8 7 6  

WN WA LA YA MA 
I L I  Y I  M I  
u L U  YU MU 
E LE YE ME 
0 LO YO MO 

2 1 

Wymbols i n  parentheses a r e  a l t e r n a t e  sounds f o r  the symbols i n  
t h e  comumn f o l l o w i n g  (reading r i g h t  t o  l e f t )  the  parentheses. 
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made, where p o s s i b l e ,  t o  observe these convent ions i n  ass ign ing  code s i g n a l s  t o  

Katakana symbols. I t  was f e l t  t h a t  the  code's st imulus-response c o m p a t i b i l i t y  

m igh t  be maximized by bas ing  the  r a t i o n a l e  f o r  p a i r i n g  symbols w i t h  s i g n a l s ,  a t  

l e a s t  t o  some degree, upon t h e  convent ional  arrangement o f  t h e  Katakana S y l l a b a r y .  

I n  c o n s u l t a t i o n  w i t h  M r .  H i rosh i  Tanamachi, a n a t i v e  Japanese who i s  

employed as a research a s s i s t a n t  on t h i s  p r o j e c t ,  a v a r i e t y  o f  schemes f o r  encod- 

i n g  t h e  Katakana S y l l a b a r y  were considered. There appeared t o  be no a p p r o p r i a t e  

b a s i s  f o r  s t r o n g l y  p r e f e r r i n g  any one o f  them. Consequently, a d e c i s i o n  was 

made t o  t e s t  what we be l i eved  t o  be t h e  f o u r  most p romis ing  codes by teach ing  

them t o  Japanese S s ,  and then, by comparing t h e i r  performance on the  f o u r  codes, 

t o  de termine the  bes t  code. 

F i g u r e  2.2 shows the  l oca t i ons  used i n  fo rming  t h e  s t imu lus  p a t t e r n s  i n  a l l  

f o u r  codes. The f o u r  codes a r e  presented i n  Tables 2.2 th rough 2 .5 .  I n  these 

t a b l e s ,  "R" e qua ls  r i g h t  hand, "L" equals l e f t  hand, w h i l e  the  nurrbers des ignate  

the  l o c a t i o n s  t o  which s t i m u l i  were a p p l i e d ,  as shown i n  F igu re  2 .2 .  To i l l u s t r a t e ,  

i n  Code 3 ,  (see Table 2.4) the  e n t r y  R 1  ad jacen t  t o  the  Katakana Symbol A 

(pronounced l i k e  t h e  ' la' '  i n  f a t h e r )  s i g n i f i e s  t h a t  when a s i n g l e  p u l s e  t o  the  t i p  

o f  t he  r i g h t  l i t t l e  f i n g e r  i s  experienced i t  i s  t o  be i n t e r p r e t e d  as "A". S i m i l a r l y ,  

the  e n t r y  L5-Rl ad jacent  t o  the  Katakana Symbol "ka" s i g n i f i e s  t h a t  when pu lses  

a r e  f e l t  s imu l taneous ly  a t  the  t i p s  o f  t he  l e f t  thumb and the  r i g h t  l i t t l e  

f i n g e r ,  t h e  exper ience i s  t o  be i n t e r p r e t e d  as "ka" 

Comparative Eva lua t ion  o f  the  Four Codes 
* 

The o b j e k t i v e  i n  t h i s  phase of t h e  p r o j e c t  was t o  t r a i n  Japanese 5s t o  r e c e i v e  

t h e  f o u r  codes, and t o  compare t h e i r  performance on r e l e v a n t  a c q u i s i t i o n  measures. 

I t  was f e l t  t h a t  the  r e s u l t i n g  i n fo rma t ion  would p r o v i d e  a s u i t a b l e  bas is  e i t h e r  

f o r  e l i m i n a t i n g  a l l  b u t  the  bes t  o f  t he  four  codes, o r ,  i n  the  event t h a t  none 

o f  t h e  codes seemed promis ing ,  f o r  t he  c o n s t r u c t i o n  o f  a new f i n a l  code. 
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L e f t  

3 

8 

12 

L e f t  

Code 1 

Code 2 

Figure 2 .2  

4 2 

Right  

Stimulus locat ions used for  each of the Katakana codes. 
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Code 4 

Right  

12 

Figure 2 . 2  Continued 

Stimulus locat ions  used f o r  each o f  the  Katakana codes. 



A R 1  
;‘: 1 R 1 0 
$:U R 1  1 
ikE R12 
;‘:O R6 
KA R2-1 
K I  R2-10 
KU R2-I1 
KE R2-12 
KO ~ 2 - 6  

S I  R3-10 
SU R 3 - 1 1  
SE R3-12 
SO R3-6  
TA R4-1 
T I  R4-10 
TU 94-11 
TE R4-12 
TO R4-6 
NA R 5 - I  

SA ~ 3 - 1  

NL ~ 5 ~ 1 0  
NU ~ 5 - 1 1  

HA ~ 5 ~ 1  

NE R5-12 
NO R5-6  

H I  L5R10 
HU L5Rl l  
HE L5R12 

TABLE 2.2 

Elect rocutaneous Katakana Syl  l a b a r y  

CODE # 1  

MA 
M I  
MU 
ME 
MO 
YA 

YU 

YO 
LA 
L I  
LU 
LE 
LO 
WA 

$: I 

;k E 

i k  1 
$:U 
$:E 
;kO 

WN 
GA 
G I  
GU 
GE 
GO 
ZA 

;k(D I ) Z I  
(D U ) Z U 

L4R 1 
L4R 10 
L4R11 
L4R 12 
L4R6 

R10 
L3R11 
R12 
L3R6 
L2R 1 
L2R 10 
L2R11 
L2R12 
L2R6 
L l R l  
R10 
R 1 1  
R12 
R 6  
L I  
L12 R2-1 
L12 R2-10 
L12 R2-11 
L12 R2-12 
L12 R2-6 
L12 R 1 - 3  
L12 R3-10 
L12 

L ~ R  1 

DA L12 R4-1  
a ( Z I ) D I  L12 R4-10 
$:(ZU)DU L12 R4- l l  

DE L12 R4-12 
DO L12 R4-6 
BA L12-5R1 
B I  L12-5R10 
BU L12-5Rl l  
BE L12-5R12 
BO L12-5R6 

PA L6 R 1  
P I  L5 R10 
PU L6 R 1 1  
PE L6 R12 
PO L6 R 6  

. L5 

. L4 
1 L3 
< L2 

;’: A l s o  appears elsewhere 
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A R l  
;kl R2 
;tu R 3  
;';E R 4  
i';O R5 
KA L5R1 
K I  L5R2 
KU L5R3 
KE L5R4 
KO L5R5 
SA L4R1 
S I  L4R2 
SU L4R3 
SE L4R4 
SO L4R5 
TA ~ 3 ~ 1  

( C H I ) T I  L ~ R Z  
( T S U ) T U  L3R3 

TE L3R4 
TO L3R5 
NA L2R1 
N1 L2R2 
NU L2R3 
NE L2R4 

HA L l R l  
H I  LIR2 
HU LlR3 
HE L1R4 
HO LIR5 

NO ~ 2 ~ 5  

TABLE 2.3 

E 1 ec t rocutaneous Ka t a  kana Sy 1 1 aba r y  

CODE #2 

MA 
M I  
MU 
ME 
MO 
YA 

YU 

YO 
LA 
L I  
LU 
LE 
LO 
UA 

5: 1 

4 E 

;k 1 
;;a 
;';E 
;k 0 

WN 
GA 
G I  
GU 
GE 
GO 
ZA 

( D l ) * Z I  
(DU)*ZU 

ZE 
zo 

L6 R 1  
L6 R2 
L6 R 3  
L6 R 4  
L6 R 5  
L7 R 1  

R2 
L7 R 3  

R 4  
L7 R5 
L8 R 1  
L8 R2 
L8 R 3  
L8 R4 
L8 R5 
L9 R 1  

R2 
R 3  
R4 
R5 

L9 
L12-5R1 
L I  2-5R2 
L 12-.5R3 
L 12-5R4 
L12-5R5 
L 12-4R 1 
L 1 2-4R2 
C12-4R3 
L 12-4R4 
L 12-4R5 

DA 
;':D I 

DE 
DO 
BA 
B I  
BU 
BE 
BO 
PA 
P I  
w 
PE 
PO 

(zu);:-Du 

9 

! 
< 

~ 1 2 - 3 ~ 1  
L12-3R2 
L12-3R3 
L12-3R4 
L12-3R5 
L12- 1R1 
L12- 1 R2 
L12-1R3 
L12- 1R4 
L12- 1R5 
L10 R 1  
L10 R2 
L10 R 3  
LIO R4 
L10 R5 

15 
14 
13 
12 

a A l  so appears e 1 sewhere 
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A R 1  
i':! R2 
;kU R3 
;kE R4 
+io R5 
KA L5RI 
K I  L5R2 
KU L5R3 
KE L5R4 
KO L5R5 
SA L4R1 
S I  L4R2 
SU L4R3 
SE L4R4 
SO L4R5 

( C H I ) T I  L3R2 
T U  L3R3 
TE L3R4 
TO L3R5 
NA L2R1 
N I  L2R2 

NE L2R4 
NO L2R5 
HA L l R l  
H I  LIR2 
HU LIR3 
HE LIR4 

TA ~ 3 ~ 1  

NU ~ 2 ~ 3  

HO ~ 1 ~ 5  

TABLE 2.4 

E l e c t r o c u t a n e o u s  K a t a k a n a  S y l  l aba ry  

CODE #3 

MA 
M I  
MU 
ME 
MO 
YA 

YU 

YO 
LA 
L I  
LU 
LE  
LO 
WA 

;? I 

;':E 

;k 1 
i'i U 
i'i E 
i'i 0 

WN 
GA 
G I  
GU 
GE 
GO 

(D I );kZ I 

ZE 
20 

( D u ) ;':Z u 

L4-5R 1 
L4-5R2 
L4-5R3 

L4-5R5 
L3-5R 1 

L4- 5R4 

R2 
L3-5R3 

R4 
L3-5R5 
L2-5R1 
L2-5R2 
L2-5R3 
L2- 5R4 
L2-5R5 
L1-5R1 

R2  
R3 
R4 
R 5  
R12 

L12-5R2 
L12-5R3 
L 12-5R4 
L12-5R5 
L12-4R1 
L 12-4R2 
L 12-4R3 
L 1 2-4R4 
L12-4R5 

~ 1 2 - 5 ~ 1  

DA 
(Zl);':Dl 
( ZU ) aD U 

DE 
DO 
BA 
81 
BU 
BE 
BO 

BA 
P I  
PU 
PE 
PO 

L 12-3R 1 
L12-3R2 
L12-3R3 
L12-3R4 
L12-3R5 
L12-1R1 
L12-1R2 
L12-1R3 
L12- 1R4 
L12- 1R5 

L10 R 1  
L10 R2 
L10 R 3  
L10 R4 
L10 R5 

15 
14 
13 
12 

;?A 1 s o  appears e 1 s e w h e r e  
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A 
;k 1 
;k U 
;?E 
;kg 
KA 
K I  
KU 
KE 
KO 
SA 
S I  
su 
SE 
so 
TA 

(CH I ) T  I 
T U  
TE 
TO 
NA 
N I  
NU 
NE 
NO 
HA 

HU 
HE 
HO 

til 

R 1 0  
R 7  
L7 
L8 
LIO 
RI-10 
R l - 7  
R I  L7 
R 1  L8 
R 1  L10 
R2- IO 
R2-7 

R2 L8 
R2L10 

~ 2 ~ 7  

R3-  10 

R 3  L7 
R 3  L8 
R3L10 
R4- 10 
R4- 7 
R4 L7 
R 4  L8 
R4L10 
R5- 10 
R5-  7 
R5 L7 
R 5  L8 
R5L10 

TABLE 2.5 

Elect rocutaneous Katakana Syl  l a b a r y  

CODE #4 

MA 
M I  
MU 
ME 
MO 
YA 

YU 

YO 
LA 
L I  
LU 
LE 
LO 
WA 

5: I 

5: E 

5: 1 
;‘:U 

;kO 
;‘:E 

WN 
GA 
G I  
GU 
GE 
GO 
ZA 

(D I )“Z 1 
(DU);‘:ZU 

ZE 

L5 R10 
L5 R 7  
L5- 7 
L5- 8 
L5- 10 
L4 R10 

L4- 7 
~8 
L4- 10 
L3 R10 
L3 R 7  
L3-7 
L3-8 
~ 3 -  10 
L2 R10 

L7 
L8 
L10 
L2 
L I  R1-10 

R 7  

R 7  

L I  R I - 7  
LI-7R1 
L I -8R1  
LI- IORl 
L I  R2-10 
L I  R12-7 
LI-j’R2 
LI-8R2 

DA 
( Z  I ) ;kD I 

DU 
DE 
DO 
BA 
B I  
BU 
BE 
BO 
PA 
P I  
PU 
PE 
PO 

LI ~ 3 - 1 0  
L I  R3-7 
LI-7R3 
LI-8R3 
LI-10R3 
L I  R5-10 
L I  R5-7 

L I - 8  R 5  
LI-10R5 

LI -7 RS 

R6-  10 
R6-7  

L7 R 6  
L8 R 6  
L10 R 6  

;kA 1 so appears e 1 sewhere 
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Method 

Sub j ec t s  

N a t i v e  Japanese, o f  bo th  sexes, l i v i n g  i n  the  L o u i s v i ! ! e  area served as 

- S s  i n  t he  code t r a i n i n g  exper iment.  2 s  repo r ted  f o r  t r a i n i n g  sessions i n  p a i r s .  

Each t r a i n i n g  session l as ted  two hours, and each S rece ived $4.00 per  session. 

Because o f  the  s c a r c i t y  o f  Ss, i t  was n o t  p o s s i b l e  t o  exe rc i se  any meaningful 

s e l e c t i v i t y  i n  choosing them. Consequently, bo th  slow and f a s t  learners  were 

employed. 

group conta ined slow and f a s t  learners .  

- 

However, an e f f o r t  was made t o  d i s t r i b u t e  3 s  i n  such a way t h a t  each 

F i ve  o f  t he  7 2 s  employed so f a r  were 

females.  

Apparatus 

Two systems 

The f i r s t  was an 

d e l i v e r y  s e c t i o n  

connected i n  a b 

o f  c o n t r o l  r e l a y  

The seven c o n t r o  

f o r  a p p l y i n g  pa t te rned e 

electromechanical  system 

and a c o n t r o l  sec t i on .  

e c t r i c a l  s t i m u l i  were cons t ruc ted .  

c o n s i s t i n g  o f  two sect ion-. ,  a s i g n a l  

n t h e  c o n t r o l  sec t i on ,  seven r e l a y s  were 

nary t r e e  c o n f i g u r a t i o n .  By u t i l i z i n g  a l l  p o s s i b l e  combinations 

c losures ,  128 d i f f e r e n t  c i r c u i t s  cou ld  be s e l e c t i v e ! y  e s t a b l i s h e d .  

r e l a y s  cou ld  be operated manual ly,  o r  w i t h  an 8 h o l e  tape 

reader .  The s i g n a l  d e l i v e r y  system cons is ted  o f  128 s i g n a l  r e l a y s ,  each c o n t r o l l e d  

by a p a r t i c u l a r  combinat ion o f  c losures  i n  the  b i n a r y  t r e e .  Each s i g n a l  r e l a y ,  when 

c losed,  connected th ree  independent s t imu lus  sources t o  th ree  te rm ina ls  on a 

m and f i n g e r -  

t u t i o n  of 

by t h e  

manner i n  which the  p l u g  was wired. Thus, the  d e s i r e d  code was se lec ted  by 

i n s e r t i n g  the  a p p r o p r i a t e l y  w i red  p l u g  i n  the  plugboard.  

Each o f  t h e  t h r e e  s t imu lus  courses cons is ted  o f  an automobi le i g n i t i o n  c o i l  

w i t h  a 1.5 v o l t  b a t t e r y  connected t o  i t s  low v o l t a g e  t e r m i n a l s .  One h i g h  v o l t a g e  

plugboard.  The s t i m u l i  were f i n a l l y  d i s t r i b u t e d  t o  the  a p p r o p r i a t e  pa 

t i p  l o c a t i o n s  by means o f  a p l u g  inser ted  i n  the plugboard.  The cons t  

s t imu lus  p a t t e r n s ,  w i t h  respec t  t o  number and l o c a t i o n ,  was determined 
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nput  te rm ina l  on the  

s i g n a l  r e l a y  s e c t i o n .  There was a common r e t u r n  pa th  f o r  t h e  t h r e e  c o i l s  t o  t h e  

o t h e r  h i g h  v o l t a g e  t e r m i n a l .  

of a r e l a y  which c losed when any one of the  s i g n a l  r e l a y s  c losed,  and opened again,  

by a p p r o p r i a t e  t i m i n g  c i r c u i t r y ,  a f r a c t i o n  of a second l a t e r .  I t was the  p u l s e  

generated upon o p e n i n g ' t h i s  r e h y  tha t  was used as t h e  s t i m u l u s .  The sma l le r  

p u l s e  generated by c l o s i n g  t h i s  r e l a y  was suppressed by a d iode  i n  t h e  r e t u r n  

pa th .  

This  r e t u r n  went through t h e  normal ly  open con tac ts  

The heads of s t a i n l e s s  s t e e l  pan head screws, approx imate ly  one f o u r t h  inch 

i n  d iameter  were used as a c t i v e  e lec t rodes .  

f o r  each of t h e  2 s .  

t h a t  when 5 placed h i s  hands i n  h i s  handpr in t s ,  the e lec t rodes  made con tac t  w i t h  

t h e  l o c a t i o n s  t h a t  had been se lec ted  f o r  use i n  t h e  exper iment.  Two German s i l v e r  

l imb e l e c t r o d e s ,  one on each w r i s t ,  were used as pass ive e l e c t r o d e s .  

Ceramic c l a y  handpr in t s  were made 

The e lec t rodes  were embedded i n  these handpr in t s  i n  such a way 

- S received h i s  t r a i n i n g  i n  a n  I n d u s t r i a l  Acoust ics Chamber Model 400 and 

c e m u n i c a t e d  w i t h  - E o u t s i d e  t h e  booth, by  means o f  an o r d i n a r y  intercommunicat ion 

system. 

po ten t i omete rs  mounted on i t ,  one f o r  each o f  t h e  l o c a t i o n s  t o  be s t i m u l a t e d .  

These po ten t i omete rs  were used by 5 t o  a d j u s t  s t i m u l u s  i n t e n s i t y  f o r  comfor t  and 

f o r  equal  apparent i n t e n s i t y  a t  a l l  s t i m u l a t e d  l o c a t i o n s .  In a d d i t i o n ,  t h e r e  

was a po ten t i omete r ,  connected i n  the common r e t u r n ,  t h a t  changed the  s t imu lus  

i n t e n s i t y  a t  a l l  l o c a t i o n s  s imul taneously .  

The apparatus j u s t  descr ibed was used f o r  most o f  the  code t r a i n i n g  desc r ibed  

i n  t h i s  r e p o r t .  However, experience w i t h  i t  revealed i nhe ren t  d i f f i c u l t i e s  t h a t  

s e r i o u s l y  l i m i t e d  i t s  usefu lness.  

were o f t e n  q u i t e  h i g h .  Because many w i res  were i n  c l o s e  p r o x i m i t y ,  t he re  was 

e r a t i c  a r c i n g  which r e s u l t e d  i n  unwanted v a r i a b i l i t y  i n  s t imu lus  i n t e n s i t y .  

Because t h e  w i r i n g  scheme was very complex, such problems were d i f f i c u l t  t o  

i s o l a t e  and c o r r e c t .  Furthermore, s i n c e  t h e  p r e s e n t a t i o n  o f  many s i g n a l s  r e q u i r e d  

On t h e  w a l l  of t h e  booth i n  f r o n t  of 5 t he re  was a chass is ,  w i t h  

Voltages a t  va r ious  p o i n t s  o f  t h e  c i r c u i t  
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the  s imultaneous c l o s u r e  o f  s i x  o r  e i g h t  r e l a y s ,  s l u g g i s h  opera t i on  o f  severa l  

r e l a y s  i n  the  system cou ld  s i g n i f i c a n t l y  r e t a r d  the  r a t e  a t  which s i g n a l s  cou ld  

be sen t .  Al though t h i s  has n o t  become a problem, i t  was a n t i c i p a t e d  t h a t  when 

- Ss became more p r o f i c i e n t  i n  t h e  recep t ion  o f  code, t h e i r  communication r a t e  migh t  

be l i m i t e d  by t h e  pace of the  apparatus. F i n a l l y ,  as a r e s u l t  of c o n s u l t a t i o n  w i t h  

D r .  Robert  Gibson a t  t he  U n i v e r s i t y  o f  P i t t s b u r g h ,  a p a i d  consu l tan t  on t h e  p r o j e c t ,  

a d e c i s i o n  was made t o  change the  charac ter  o f  the  s t i m u l u s .  The pu lse  r e s u l t i n g  

f r o m  t h e  c o l l a p s e  o f  an i n d u c t i v e  f i e l d  r i s e s  t o  peak v o l t a g e  almost i n s t a n t e o u s l y  

and decays e x p o n e n t i a l l y .  I t s  d u r a t i o n  above th resho ld  i s  approximately one 

h a l f  msec. The shape and d u r a t i o n  o f  t h i s  p u l s e  necess i ta ted  the  use o f  a r a t h e r  

h i g h  s t i m u l u s  i n t e n s i t y ,  and t h i s  i n  t u r n  r e s u l t e d  i n  occas iona l  muscle j e r k s .  

I n  t h e  apparatus descr ibed here,  the p o l a r i t y  o f  t h i s  pulsewas n o t  changed on 

success ive  a d m i n i s t r a t i o n s .  There was a p o s s i b i l i t y  t h a t  some o f  the  u n c o n t r o l l e d  

s t i m u l u s  v a r i a b i l i t y  migh t  be due to  a f a i l u r e  t o  reverse  s t i m u l u s  p o l a r i t y  a f t e r  

each a d m i n i s t r a t i o n .  The apparent s o l u t i o n  t o  these problems was t h e  use o f  

a l t e r n a t i n g  c u r r e n t  f o r  code  signa!^. A l t e r n a t i n g  c u r r e n t  would e l i m i n a t e  t h e  

p o s s i h i l i t y  o f  p o l a r i z a t i o n  e f f e c t s .  

r e s u l t  i n  conduct ion  near the  surface o f  t he  s k i n ,  and hence the  problem w i t h  

muscle j e r k s  should d isappear .  F i n a l l y ,  t h e  use o f  an ac s t imu lus  would pe rm i t  

t h e  adjustment o f  s t imu lus  d u r a t i o n .  Greater s t imu lus  d u r a t i o n  would p e r m i t  

weaker s t imu lus  i n t e n s i t y  which would, i n  t u r n ,  h e l p  r e l i e v e  the  problem o f  

muscle j e r k s .  For these reasons, a d e c i s i o n  was made t o  c o n s t r u c t  another code 

sending system i n  which r e l a y s  were rep laced by s o l i d  s t a t e  c i r c u i t r y .  A d e s c r i p -  

t i a n  of t h i s  apparatus f o l l o w s .  

A h i g h  enough frequency o f  a l t e r n a t i o n  would 

The new system makes use o f  the t r a n s i s t o r i z e d  l o g i c  modules manufactured by 

BKS E l e c t r o n i c s .  The system includes a photo c e l l  tape reader ,  together  w i t h  

t h e  l o g i c  requ i red  t o  s tep  i t  a t  a r a t e  t h a t  can be v a r i e d  con t inuous ly .  I n  

a d d i t i o n ,  l o g i c  i s  p rov ided  to se t  up the  tape reader a s  a b l o c k  reader.  The tape 



26 

, 
i s  read two l i n e s  o r  16 holes a t  a t ime. Each o f  these holes c o n t r o l s  a s t imu lus  

r e l a y .  When a b l o c k  i s  read, the output  i s  a p p l i e d  t o  r e l a y  d r i v e r s  which energ ize  

t h e  r e l a y s  used i n  s w i t c h i n g  s t imulus c u r r e n t .  

s t i m u l u s  c u r r e n t  f o r  one of  t h e  loca t ions  used i n  t h e  code, and each code s i g n a l  

i s  presented by c l o s i n g  the  appropr ia te  combinat ion o f  r e l a y s .  St imulus c u r r e n t  

i s  p rov ided by an audio frequency o s c i l l a t o r .  The o u t p u t  o f  t h i s  o s c i l l a t o r  i s  

a m p l i f i e d  by a s p e c i a l l y  cons t ruc ted  a m p l i f i e r  w i t h  t h r e e  independent ou tpu t  

s e c t i o n s ,  one f o r  each of t h e  t h r e e  s t imu lus  l o c a t i o n s  t h a t  may be represented i n  

a code s i g n a l .  The a m p l i f i e r  outputs  a r e  coupled t o  t h e  s k i n  through i n p u t  

t ransformers w i t h  h i g h  impedance secondaries, i n  o r d e r  t o  secure an approximate 

impedance match. As before,  5 receives t r a i n i n g  i n  a sound p r o o f  booth, and may 

a d j u s t  s t imu lus  i n t e n s i t y  f o r  comfort and f o r  equal apparent i n t e n s i t y  a t  a l l  

s t i m u l a t e d  l o c a t i o n s  by r e s o r t  t o  an a r r a y  o f  200,000 ohm potent iometers on a 

chass is  on t h e  w a l l  i n  f r o n t  o f  him. Each potent iometer  i s  connected i n  s e r i e s  

w i t h  one o f  t h e  s t imu lus  e lec t rodes  and a l s o  serves t h e  f u n c t i o n  o f  l i m i t i n g  

f i u c t u a t i o n  i n  stimu!us c u r r e n t  due t o  changes i n  2 ' s  s k i n  impedance. 

Each o f  these r e l a y s  c o n t r o l s  the  

I t  w i l l  be r e c a l l e d  t h a t  common pass ive  e l e c t r o d e s  were used i n  t h e  f i r s t  

code apparatus.  Though t h e  s k i n  area contacted by these e l e c t r o d e s  was q u i t e  

l a r g e  i n  r e l a t i o n  t o  t h e  s k i n  area contacted by t h e  a c t i v e  e l e c t r o d e s ,  s t i m u l a t i o n  

was o c c a s i o n a l l y  exper ienced e i t h e r  a t  the  s i t e  o f  t h e  pass ive e l e c t r o d e s ,  o r  a t  

some p o i n t  in te rmed ia te  t o  the two e l e c t r o d e  s i t e s .  To s o l v e  t h i s  problem, pass ive  

e l e c t r o d e s  have been e l i m i n a t e d ,  and s t imu lus  c u r r e n t  i s  now d e l i v e r e d  by means 

o f  an a r r a y  of smal l ,  c l o s e l y  spaced e l e c t r o d e s .  E lec t rodes  a r e  arranged i n  two 

v e r t i c a l  columns, w i t h  t h r e e  e lect rodes per  column. E lec t rode d iameter  i s  

approx imate ly  one e i g h t h  of  an inch, and t h e  center - to -center  spac ing between 

ad jacent  e l e c t r o d e s  i s  approx imate ly  f i v e  t h i r t y  seconds o f  an inch.  The t o p  

and bottom e l e c t r o d e s  i n  t h e  l e f t  hand column and t h e  midd le  e l e c t r o d e  i n  the  r i g h t  

hand column a r e  connected together  and t o  one s i d e  o f  the c i r c u i t ,  w h i l e  t h e  

remainina e lec t rodes  a r e  connected t o s e t h e r  and t o  t h e  o t h e r  s i d e  o f  the  c i r c u i t .  
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T h i s  c o n f i g u r a t i o n  o f  e lec t rodes  was chosen because i t  

f i n g e r t i p ,  because i t  i s  smal l  i n  ex ten t ,  and because 

homogenious d i s t r i b u t i o n  o f  c u r r e n t  d e n s i t y  over the  s 

conforms reasonably t o  t h e  

t prov ides  a f a i r l y  

t e  o f  s t i m u l a t i o n .  These 

e l e c t r o d e  assemblies a r e  mounted on handboards, and t h e i r  p o s i t i o n s  on these 

boards can be ad jus ted  i n  accordance w i t h  i n d i v i d u a l  d i f fe rences  i n  hand s i z e .  

When t h e  handboards have been s e t  up f o r  a p a r t i c u l a r  2, and when he has h i s  

hands p r o p e r l y  placed on them, a l l  of the  e lec t rodes  make c o n t a c t  w i t h  h i s  s k i n  

a t  the  a p p r o p r i a t e  l o c a t i o n s .  

Procedure 

D u r i n g  the i n i t i a l  phase o f  t r a i n i n g ,  codes were taught  t o  5 s  by a pa i red-  

assoc ia tes  method. An at tempt  was made t o  present  t h e  l e a r n i n g  t a s k  i n  such a 

way as t o  min imize t h e  number o f  e r r o r s  made d u r i n g  l e a r n i n g .  The Katakana Chart  

was taught ,  a column a t  a t ime, and i n  the  convent ional  o rder  f rom r i g h t  t o  l e f t  

(see Table 2 . 1 ) .  

D u r i n g  the  f i r s t ,  o r  f a m i l i a r i z a t i o n  stage, 2 s  were presented w i t h  the  code 

s i g n a l s  t o  be associated w i t h  the  f i r s t  f i v e  charac ters  lii th2 Katakana Chart .  

On t h e  f i r s t  two t r a i l s ,  these characters  were presented i n  t h e  convent ional  

o r d e r ,  (read down t h e  r i g h t  most column i n  Table 2.1) and t h e  name o f  each 

s i g n a l  was announced by & i n  advance o f  i t s  p r e s e n t a t i o n .  5 responded t o  each s i g n a l  

by r e p e a t i n g  i t s  name. Next, 5 received 10 t r i a l s  i n  which t h e  s i g n a l s  were cued 

by E as be fore ,  b u t  i n  which the  order  o f  s i g n a l s  was randomly permuted f rom t r i a l  

t o  t r i a l .  

I n  t h e  l e a r n i n g  stage, each of Sls t r i a l s  cons is ted  o f  10 random permutat ions 

o f  t h e  f i v e  charac ters .  Names o f  s i g n a l s  were no t  announced i n  advance by E, and 

When 5 made an e r r o r ,  he was so informed, and 

w i t h  i t s  c o r r e c t  name. T r i a l s  were admin is te red  

The c r i t e r i o n  o f  mastery v a r i e d  f rom t o  5 

l i t y .  Some Ss received a c r i t e r i o n  o f  two 

- S ' s  naming e r r o r s  were recorded. 

g iven  the  s i g n a l  again,  together  

t o  u n t i l  c r i t e r i o n  was reached 

because o f  d i f f e r e n c e s  i n  S ' s  ab 
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successive e r r o r l e s s  t r i a l s  w i t h o u t  d i f f i c u l t y .  I t  soon became apparent t h a t  i f  

the  same c r i t e r i o n  were demanded o f  o ther  S s ,  a very  l a r g e  number o f  t r i a l s  would 

have been requ i red ,  and they  would have become discouraged. I t  seemed w ise r  t o  

r e l a x  t h e  c r i t e r i o n  somewhat f o r  these Ss, and t o  a l l o w  them t o  advance t o  the  

n e x t  column of the  s y l l a b a r y  w i t h o u t  hav ing  demonstrated prolonged e r r o r  f ree  

performance. 

When a 5 completed h i s  work on column 1 o f  t he  s y l l a b a r y ,  t he  procedure was 

repeated, u s i n g  the  f i v e  charac ters  i n  column 2 .  Fo l low ing  t h i s ,  5 s  were asked t o  

i d e n t i f y  a l i s t  o f  words cons t ruc ted  from the  cha rac te rs  i n  columns 1 and 2 .  

One t i m e  through t h ~ i s  l i s t  was considered a t r i a l .  T r i a l s  were admin is te red  u n t i l  

- Ss reached a s a t i s f a c t o r y  c r i t e r i o n  o f  mastery. 

Code l e a r n i n g  proceeded from column t o  column i n  t h i s  manner. Each t ime  

a new column was mastered, 5 was given words t o  i d e n t i f y  t h a t  were s p e l l e d  w i t h  

t h e  cha rac te rs  i n  t h a t ,  and a l l  p r e v i o u s l y  learned columns. I t  was f e l t  t h a t  t he  

i n t r o d u c t i o n  o f  t he  word i d e n t i f i c a t i o n  t a s k  i n  t h i s  manner would accomplish two 

ends. F i r s t ,  i t  would c o n s t i t u t e  a review o f  p r e v i o u s l y  learned code s i g n a l s .  

Secondly, i t  would p e r m i t  5 t h e  experience o f  i n t e r p r e t i n g  meaningful sequences 

o f  s i g n a l s ,  and thus a f f o r d  him p r a c t i c e  i n  the  u t i l i z a t i o n  o f  those cues based 

on t h e  sequen t ia l  p r o b a b i l i t i e s  f o r  the  occurance o f  charac ters  i n  words. 

- S s  were t r a i n e d  i n  p a i r s  du r ing  sessions t h a t  l a s t e d  approx imate ly  two hours.  

They rece ived code i n s t r u c t i o n  a l t e r n a t e l y ,  f o r  pe r iods  o f  one h a l f  hour.  Thus, 

d u r i n g  a two hour session, each 5 received one hour o f  a c t u a l  code i n s t r u c t i o n .  

When one 5 was "off duty",  he ass i s ted  

duty". Since, i n  t h i s  arrangement, each 2 was con t inuous ly  aware o f  h i s  teammate's 

performance and c o u l d  compare i t  w i t h  h i s  own, t h e r e  was a s p i r i t  o f  c o m p e t i t i o n  

which probab ly  improved m o t i v a t i o n  d u r i n g  t r a i n i n g .  

i n  reco rd ing  the  responses o f  the  5 !'on 

Resu 1 t s  

I n  o r d e r  t o  compare the f o u r  codes, 5 s '  responses have been entered i n  con- 

f u s i o n  ma t r i ces .  I n  these matr ices,  the  e n t r i e s  a lonq  the l e f t  hand marqin r e f e r  
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Disp  

I sen t  

t -  
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t 
I 

I .  

gna ls  sent ,  w h i l e  the  e n t r i e s  along t h e  top  margin r e f e r  t o  s i g n a l s  rece ived.  

a y i n g  the da ta  i n  t h i s  way permits us t o  determine the  percent  o f  s i g n a l s  

t h a t  were c o r r e c t l y  i d e n t i f i e d ,  and t o  search f o r  con t ingenc ies  between 

s t i m u l u s  l o c a t i o n  and e r r o r  frequency. 

m a t r i c e s  f o r  e i g h t  5 s .  ' ' 1  d o n ' t  know" responses a r e  en tered  i n  the columns headed 

Tables 2 .6  through 2.13 present  confusion 

w i t h  q u e s t i o n  marks. The 

i d e n t i f i c a t i o n  f o r  each s 

as an i n d i c a t i o n  o f  overa 

f o r  t h e  3 whose responses 

bottom row i n  each m a t r i x  g ives  the  percent  o f  c o r r e c t  

gna l .  The mean o f  these percentages can be regarded 

1 accuracy on the  f i r s t  t h ree  columns o f  t he  s y l l a b a r y  

a r e  recorded i n  the  m a t r i x .  The mean o f  these mean 

p e r c e n t  c o r r e c t  values f o r  each o f  the Ss work ing  on a p a r t i c u l a r  code i s  an 

co 

by 

co  

o v e r a l l  mean percent  o f  c o r r e c t  i d e n t i f i c a t i o n s  f o r  t h a t  code. The r e s u l t s  o f  t h i s  

a n a l y s i s  a r e  d i sp layed  g r a p h i c a l l y  in  F igu re  2.3.  I t  can be seen t h a t ,  i n  genera l ,  

- S s  t r a i n e d  on Codes 2 and 3 made about 10 percent  more c o r r e c t  i d e n t i f i c a t i o n s  

than 2 s  t r a i n e d  on Codes 1 and 4. 

By re fe rence t o  t h e  confus ion  mat r ices  and t o  F igu re  2 . 1 ,  i t  i s  p o s s i b l e  

io determine the  r e l a t i v e  c o n t r i b u t i o n s  o f  t he  va r ious  s t imu lus  l o c a t i o n s  t o  the  

observed confus ions .  For example, i n  Code 1 ,  L .  confused "I", "U", and "E" i n  

umn 1 o f  the  s y l l a b a r y .  R e f e r r i n g  t o  Tab le  2.2, we see t h a t  " I "  i s  s i g n a l l e d  

a s t imu lus  a t  R10, "U" by a s t imu lus  a t  R 1 1 ,  and "E" by a s t imu lus  a t  R12. I n  

umn 2 o f  the s y l l a b a r y ,  S L. confused "k i" ,  "ku" , and "ke" most f requen t  1 y . 
i s  s i g n a l l e d  by simultaneous s t i m u l i  a t  R2 and R10, "ku"< by s t i m u l i  a t  R2 and I I K i l I  

R 1 1 ,  and "ke" by s t i m u l i  a t  R2 and R12. 

i nvo l ved  s t i m u l a t i o n  a t  palmar l oca t i ons .  

I n  bo th  these examples, t h e  con fus ing  s i g n a l s  

H .  confused I I I "  (R10) w i t h  "A" ( R I ) ,  "se" ( R 3  and 

and "k i"  (R2 and R10) w i t h  "ku" (R2 and R l ) .  Thus, 

i n  d i s c r i m i n a t i n g  R 1  ( r i g h t  l i t t l e  f i n g e r t i p )  f rom 

nger ) .  Th i s  d i s c r i m i n a t i o n  has proved d i f f i c u l t  f o r  

R12) w i t h  "so" 

her  g r e a t e s t  d 

R10 (base o f  r 

most 2 s .  

I n  l ean ing  Code 1 ,  3 

(R3 and R 6 ) ,  

f f i c u l t y  was 

gh t  l i t t l e  f 



A 

I 15 

N=110 U 6 

E 2  

0 

KA 

5 K I  

KU 

W 
v) 

N=90 KE 

KO 

SA 

S I  

N=40 SU 

SE 

TABLE 2.6 

Confusion M a t r i x  f o r  Subject L, Code 1 

RECE I VED 

I U E 0 KA K I  KU KE KO SA S 

14 4 1 

59” 18 18 

8 74 21 

9 34 65 

1 log  

8 0 2 5 3  

1 14 53 14 7 1 

4 3 16 60 7 

1 1 2 18 68 

1 89 

S I SE SO 

35 4 1 

4 2 5  2 7 2 

1 26 13 

2 3 3 2  3 

? 

1 

so 1 1 38 

% Correc t :  83 54 67 59 99 89 59 67 76 99 88 63 65 80 95 
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I 
I .  

TABLE 2.7 

Confusion M a t r i x  f o r  Subject H ,  Code 1 

RECE I VED 

A I U E 0 KA KI KU KE KO SA S I  SU SE S O  ? 

A 78 22 

1 1 3 8 4  3 

N=100 U 3 97 

E 

0 

97 1 

1 99 

KA 94 5 1 

& KI 

KU 

W In 
19 79 2 7 

98 2 

N=100 KE 3 96 1 

KO 

SA 

S I  

N=20 SU 

1 99 

18 1 1 

I8 1 1  

I8 2 

SE 16 4 

so 20 

2 

% Correc t :  78 84 97 97 99 94 79 98 96 99 90 90 90 80 100 
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TABLE 2 . 8  

Confusion M a t r i x  f o r  Subject 2 ,  Code 2 

RECE I VED 

A I U E 0 KA K I  KU KE KO SA S I  SU SE SO ? 

A 20 

I 18 . 2 

N=20 U 4 15 1 

E 1 19 

0 5 15 

KA 10 

N-10 K I  10 

KU 
L t 
UJ KE 
v) 

KO 

N=10 SA 

SI 

su 

SE 

1 9  

10 

10 

10 

10 

10 

10 

so 10 

% Correc t :  100 go 75 95 75 100 100 go 100 100 100 100 100 100 
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A 

A IO 

N=10 I 

U 

E 

0 

KA 

N=10 KI 

KU 

KE 

KO 

SA 

S I  

N=10 SU 

SE 

so 

% Correct :  100 

TABLE 2.9 

Confusion Mat r ix  f o r  Subject S ,  Code 2 

RECE I VED 

KU KE KO SA S I  SU SE SO ? I U E  

IO 

IO 

IO 

DO 100 100 

0 KA K I  

IO 

10 

IO 

100 100 

IO 

10 

10 

10 

10 

10 

10 

IO 

DO 100 100 100 100 100 100 100 
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TABLE 2.10 

Confusion M a t r i x  f o r  Subject  S .  C . ,  Code 3 

RECE I VED 

A I U E 0 w\ K I  KU KE KO SA S I  SU SE SO ? 

A 10 

I 10 

N=10 U 10 

E 

0 

C K A  
z - K I  
W 

10 

10 

30 

30 

25 5 

1 4 25 

1 2  1 2 6  

10 

~ = 3 0  KU 

KE 

KO 

SA 

S I  19 

N=10 SU 10 

SE 10 

so 10 

% Cor rec t :  100 100 100 100 100 100 100 83 83 87 100 100 100 100 100 



35 

A 

1 

N=80 U 

E 

0 

KA 

F K I  

* KU 

z 
w 

~ = 7 0  KE 

KO 

SA 

S I  

~ = 8 0  su 

SE 

so 

TABLE 2.11 

Confusion M a t r i x  f o r  Subject  M .  C . ,  Code 3 

RECE I VED 

A I U E 0 KA K I  KU KE KO SA S I  

75 1 

1 73 

76 

I 75 

78 

66 2 

67 

62 

2 68 

70 

77 

2 76 

1 

SU SE SO ? 

4 

6 

4 

4 

2 

2 

3 

8 

2 1  

2 

73 7 

2 77 

1 79 

% Correct  : 94 91 95 94 98 94 96 89 97 100 96 95 91 96 99 
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N=30 

I- z 
W 
v) 

N=30 

N=20 

% Correc t :  

A 

A 30 

1 

U 

E 

0 

KA 

K I  

KU 

KE 

KO 

SA 

S I  

su 

SE 

so 

100 

TABLE 2 .12  

Confusion M a t r i x  f o r  Subject Z ,  Code 4 

RECE I VED 

1 U E 0 KA KI KU KE KO SA SI SU SE SO ? 

29 1 

23 7 

2 9 18 

30 

29 1 

3 27 

2 28 

5 24 1 

1 29 

18 2 

7 13 

19 1 

3 16 1 

20 

93 77 60 100 97 90 93 80 97 90 65 95 80 100 

1 
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TABLE 2. I3 

Confusion Mat r ix  f o r  Subject S ,  Code 4 

RECE I VED 

A I U E 0 KA KI KU KE KO SA S I  SU SE SO ? 

A 30 

I 29 1 

~ = 3 0  u 24 6 

E 3 27 

0 30 

b K A  

KI 

z 
W 
v) 

56 4 

15 45 

N=60 KU 2 45 12 1 

KE 1 1  9 4 9  

KO 1 4  1 5 4  

SA 17 2 1 

S I  3 17 

N=20 SU 14 5 1 

SE 3 16 1 

so 1 2 1 1 5  1 

% C o r r e c t :  l o o  97 80 go loo 93 75 75 82 go 85 85 70 80 75 



# 
a 

I 4 1 1 A 4 L 1 4 

c 

133YY03 % 

N 

v) 
W 
c3 
0 
u 

Gu- u o  

38 
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' .  

F igu re  2.4 presents  four  l ea rn ing  curves, one f o r  each code, t h a t  summarize 

the  e f f e c t s  o f  p r a c t i c e  on a l i s t  o f  32 words formed from the charac ters  i n  the  

f i r s t  t h ree  columns o f  the  Katakana Chart .  

on the  absc issa,  w h i l e  the  o r d i n a t e  i s  sca led i n  terms o f  t he  percent  o f  c o r r e c t l y  

i d e n t i f i e d  words pe r  t r i a l .  A mean percent of  words c o r r e c t l y  i d e n t i f i e d  by the 

- Ss l e a r n i n g  a g iven code was determined f o r  each t r i a l  and these means were used 

i n  p l o t t i n g  the  f o u r  curves through T r i a l  5 .  The curves f o r  the  5 s  l e a r n i n g  Codes 

1 and 3 have been extended beyond T r i a l  5 i n  o rder  t o  convey a p i c t u r e  o f  the  course 

o f  code a c q u i s i t i o n  t y p i c a l  o f  slow learners .  Both o f  these 2 s  ceased t o  show 

improvement by the eighth t r i a l .  The performance o f  the s low learners  had a 

depress ing  e f f e c t  on the  mean values used i n  p l o t t i n g  the  curves i n  t h i s  f i g u r e .  

However, s ince  the re  was a f a s t  and a s low lea rne r  f o r  each o f  the Codes 1 ,  2 and 

3, and two average lea rne rs  f o r  Code 4, the  impression o f  average performance 

conveyed by F igu re  2.4 i s  reasonably r e l i a b l e .  Many l i s t s  o f  words have now been 

I n  t h i s  f i g u r e ,  T r i a l s  a re  d isp layed 

learned by our  Ss, bu t  the  data j u s t  shown a r e  t y p i c a  

f o r  i 1 l u s t r a t  i v e  purposes. 

Ana lys i s  o f  t h i s  s o r t  has lead t o  the conc lus ion  

l o c a t i o n s  a r e  f r e q u e n t l y  confused, w h i l e  s i g n a l s  invo 

and have been presented here 

t h a t  s i g n a l s  i n v o l v i n g  palmar 

v i n g  o n l y  f i g n e r t i p  l o c a t i o n s  

a r e  r a r e l y  confused. Codes 2 and 3, f o r  instance,  depend less h e a v i l y  upon the  use 

o f  palmar l o c a t i o n s  than the  o t h e r  two codes. As a consequence, performance on 

these codes has been s i g n i f i c a n t l y  b e t t e r .  

Current S ta tus  

T r a i n i n g  on the  f o u r  o r i g i n a l  Codes has been d i scon t  nued. When i t  resumes, 

- Ss w i l l  be taught  a new " f i n a l l l  code, t h e  c o n s t r u c t i o n  o f  which has been guided 

by the  exper ience gained w i t h  the  prev ious codes. Only f n g e r t i p  l o c a t i o n s  a r e  t o  

be used, and the s t imu lus  w i l l  be an a l t e r n a t i n g  c u r r e n t .  P i l o t  s tud ies  now 

completed suggest t h a t  a s t imu lus  o f  400 cps w i t h  a d u r a t i o n  o f  25 msec. i s  q u i t e  

s u i t a b l e  f o r  our  purposes. 2s w i l l  r ece i ve  t r a i n i n g  on the  " f i n a l "  code u n t i l  a 
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p o i n t  i s  reached a t  which a d d i t i o n a l  t r a i n i n g  f a i l s  t o  y i e l d  s i g n i f i c a n t  improvement 

i n  performance. A t  t h i s  p o i n t ,  it w i l l  be p o s s i b l e  t o  make judgments rega rd ing  

t h e  u t i l i t y  o f  a comnunicat ion system t h a t  uses t h e  s k i n  as a channel o f  communica- 

t i o n ,  e l e c t r i c  c u r r e n t  as the  i npu t  to t h i s  channel, and s y l l a b l e s  as code u n i t s .  
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P a r t  I I 1  

React ion Time t o  the  Onset and O f f s e t  o f  E l e c t r i c a l  S t i m u l a t i o n  

I n  o r d e r  t o  ga in  a b e t t e r  understanding of t he  na tu re  o f  e lec t rocu taneous 

s t i m u l a t i o n ,  s tud ies  which a r e  c o l l a t e r a l  t o  the  electrocutaneous code p r o j e c t ,  

and which dea l  w i t h  b a s i c  st imulus-response r e l a t i o n s ,  a re  be ing  conducted. 

Two b a s i c  aspects o f  a s t imu lus  event a r e  i t s  onset (beginning) and i t s  

o f f s e t  (end ing) .  St imulus onsets and o f f s e t s  must be d i s c r i m i n a b l e  i f  code 

u n i t s  a r e  t o  be perceived. The s tud ies  repor ted  h e r e a f t e r  were performed t o  

determine t h e  r e l a t i v e  d i s c r i m i n a b i l i t y  o f  t he  onsets and o f f s e t s  o f  e l e c t r i c a l  

s t i m u l i ,  as indexed by r e a c t i o n  time, a t  va r ious  i n t e n s i t i e s ,  f requenc ies ,  and 

r ise-decay t imes. Where approp r ia te ,  u n d e r l y i n g  neurophys io log i ca l  f u n c t i o n s  

have been suggested as exp lanat ions  f o r  our psychophysical  da ta .  
/ 

Experiment I :  The E f f e c t s  o f  I n t e n s i t y  

Woodrow (1915) found a f a s t e r  r e a c t i o n  t ime (RT) t o  the  onset o f  an 

a l t e r n a t i n g  c u r r e n t  than t o  i t s  o f f s e t .  He repor ted  t h a t ,  f o l l o w i n g  t h e  o f f s e t  

of h i s  stirnu!!, sensat ions o f  " a f t e r t i n g l i n g "  occurred. He suggested t h a t  these 

sensat ions  may have i n t e r f e r r e d  w i t h  t h e  d e t e c t i o n  of o f f s e t ,  w i t h  longer  RTs 

as a consequence. Because Woodrow's work was, by h i s  own d e c l a r a t i o n ,  o n l y  

c u r s o r y  and crude, i t  was decided t o  i n v e s t i g a t e  t h i s  pheomenon aga in ,  u s i n g  

the  more s o p h i s t i c a t e d  e l e c t r o n i c  instruments t h a t  have been developed s i n c e  

Woodrow's work. A lso ,  i t  was decided t o  vary  severa l  s t imu lus  paramaters i n  the  

b e l i e f  t h a t  the  consequences o f rsuch v a r i a t i o n  would have t h e o r e t i c a l  s i g n i f i c a n c e .  

I n  the  f i r s t  experiment, the  s t imu lus  i n t e n s i t y  v a r i a b l e  was examined. 

Method 

Sub jec ts  

The 2 s  were two male graduate s tudents  who were w e l l  p r a c t i c e d  ( t h r e e  hours 

o f  t r a i n i n g  and over 450 reac t i ons )  i n  r e a c t i n g  t o  e lec t rocu taneous s t i m u l i  o f  t h e  

s o r t  used i n  the  present study. 
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Apparatus & Procedure 

The s t imu lus  was a 70 cps s inuso ida l  e l e c t r i c  c u r r e n t  produced by a 

Hewlet t -Packard aud io  f requency o s c i l l a t o r ,  Model 201CR. The ou tpu t  of t he  

I 

o s c i l l a t o r  was connected through a Graysan-Stadler e l e c t r o n i c  sw i t ch ,  

Model 829D, and a Daven a t tenua to r ,  Type 7707, t o  the  input  o f  a 75 w a t t  McIntosh 

a m p l i f i e r ,  Model M C 7 5 .  Use of  the  e l e c t r o n i c  sw i t ch  pe rm i t ted  t r a n s i e n t l e s s  

s w i t c h i n g  a t  c o n t r o l l e d  r i s e  and decay t imes. The a t tenua to r  pe rm i t ted  a d j u s t -  

ment i n  s t imu lus  i n t e n s i t y  i n  steps o f  1 db over a range o f  20 db. An approx i -  

mate impedance match between the  600 ohm outpu t  o f  t he  a m p l i f i e r  and 2 ' s  s k i n  

impedance was secured w i t h  a UTC t ransformer,  Type LS12. A 200-K-ohm r e s i s t e r  was 

connected i n  s e r i e s  w i t h  5 i n  o rder  t o  l i m i t  f l u c t u a t i o n s  i n  s t imu lus  c u r r e n t  

* 

due t o  changes i n  2 ' s  impedance. A 100 ohm p r e c i s i o n  r e s i s t o r  was a l s o  connected 

i n  s e r i e s  w i t h  2 and s t imu lus  cu r ren t  was determined by d i v i d i n g  the  vo l tage  drop 

across t h i s  r e s i s t o r ,  as measured by a B a l l a n t i n e  v o l t  meter Model 200E, by 100. 

- S was seated i n  an IAC t e s t i n g  booth,  Model 400. The s t imu lus  was d e l i v e r e d  

t o  h im by iiieaiis of a s t a i n l e s s  s t e e l  e lec t rode ,  f i v e  e igh ths  inches i n  d iamater ,  

centered on the  v o l a r  sur face  o f  the d i s t a l  phalange o f  the  l e f t  index f i n g e r .  The 

pass ive  e l e c t r o d e  was a s t a i n l e s s  s tee l  rec tang le ,  23 x 3 l "  , a p p l i e d  t o  the  palm 

o f  t he  l e f t  hand. 

To o b t a i n  a r e a c t i o n  f r o m S ,  s e t  h i s  c o n t r o l s  and then s igna led  5 t h a t  a l l  

was ready. Upon r e c e i p t  o f  t h i s  s i g n a l ,  5 he ld  down a te leg raph  key w i t h  h i s  

r i g h t  hand. 

which operated a Hunter t imer ,  Model 1008, connected i n  the  e x t e r n a l  c o n t r o l  

c i r c u i t  o f  the  e l e c t r o n i c  sw i t ch .  The r e l a y  c l o s u r e  occu r ing  a t  the  end of  t he  

t ime i n t e r v a l  ( f o r e p e r i o d  i n  t h i s  exper iment)  f o r  which the  Hunter t i m e r  was 

ad jus ted ,  presented the s t imu lus  by sw i t ch ing  the  e l e c t r o n i c  sw i t ch  and a l s o  

s t a r t e d  a Hunter K lockkounter .  2 ' s  r e a c t i o n ,  r e l e a s i n g  the te leg raph  key, stopped 

the Klockkounter  and h i s  r e a c t i o n  t ime could then be read from i t s  d i a l s  t o  the  

nearest  rnsec . 

When 2 f e l t  t h a t  he was ready t o  r e a c t ,  he depressed e f o o t  sw i t ch  



43 

The fo reper iod  was va r ied  randomly f rom two t o  f o u r  seconds t o  p revent  

response sync ron iza t i on  by 2. I n  the onset c o n d i t i o n ,  e e c t r i c a l  s t i m u l a t i o n  

commenced a t  the  end o f  the fo reper iod  and 5 reacted t o  t s  onset .  I n  t h e  

o f f s e t  c o n d i t i o n ,  e l e c t r i c a l  s t i m u l a t i o n  was present  d u r i n g  the  fo reper iod ,  

and 5 reac ted  t o  i t s  o f f s e t .  

- S reacted t o  the  onset  and o f f s e t  o f  t he  s t i m u l i  a t  t h ree  d i f f e r e n t  

i n t e n s i t i e s .  Thus, t he re  were s i x  exper imental  c o n d i t i o n s .  The i n t e n s i t i e s  

of  the  s t i m u l i  presented t o  the  two Ss were ad jus ted  s l i g h t l y  t o  take  i n t o  

account i n d i v i d u a l  d i f f e rences  i n  absolute th resho ld  and the  a b i l i t y  t o  d i s -  

c r i m i n a t e .  

they  were 480, 570 and 7 2 0 p .  

each sess ion,  twen ty - f i ve  RTs were recorded f o r  each o f  the  exper imenta l  con- 

d i t i o n s .  Thus, there  were 50 observat ions o f  RT f o r  each i n t e n s i t y  X s t imu lus  

event combinat ion.  The 25 s t i m u l i  f u l f i l l i n g  each c o n d i t i o n  o f  the exper iment 

were presented i n  b locks  of  f i v e .  There were t h i r t y  o f  these b locks  i n  each 

exper imenta l  session, and they were presented t o  t h e  two 2 s  i n  counter  balanced 

sequences t o  c o n t r o l  f o r  the  p o s s i b i l i t y  o f  an e f f e c t  due t o  o r d e r .  

For 5 S. A . ,  t h e  i n t e n s i t i e s  were 440, 560 and 700 M. For 5 H .  T .  

There were two exper imenta l  sessions and, d u r i n g  

Rescl1 t s  

The median RT was determined f o r  each b l o c k  o f  f i v e  RTs. Then, t h e  ten 

medians f o r  each exper imenta l  c o n d i t i o n  were averaged t o  o b t a i n  mean RTs. The 

mean RTs f o r  the  s i x  exper imenta l  cond i t i ons  and t h e i r  corresponding s tandard 

d e v i a t i o n s  a re  shown i n  Table 3 . 1 .  The r e l a t i o n  between i n t e n s i t y  and mean RT 

i s  d i sp layed  g r a p h i c a l l y  i n  F igure  3 . 1 ,  w i t h  i n t e n s i t y  in@on the absc issa ,  

and mean RT i n  msec. on t h e  o rd ina te .  I t  i s  apparent f rom t h i s  f i g u r e  t h a t  

o f f s e t  RTs are ,  i n  a l l  cases, longer than onset  RTs. Both o f f s e t  and onset  

RTs increase as i n t e n s i t y  decreases. The d i f f e r e n c e  between o f f s e t  and onset 

RTs i s  g rea tes t  a t  t he  lowest i n t e n s i t y ,  b u t  does n o t  appear t o  change much 

from the  midd le  t o  the s t ronges t  i n t e n s i t y .  V isua l  i nspec t i on  suggests t h a t ,  

as i n t e n s i t y  i s  decreased, the ra te  o f  increase i n  RT f o r  o f f s e t  i s  g r e a t e r  than 

f o r  onset .  Th is  i s  most ev ident  f o r  5 S. Z .  



TABLE 3.1 

Means and Standard Dev ia t i ons  of t he  React ion Times f o r  Two Subjects t o  the  
Onset and O f f s e t  of  A C .  Electrocutaneous S t i m u l i  a t  Three Levels of In ten-  
s i t y  (see t e x t  f o r  i n t e n s i t y  in / rA) .  

I ntens i t y  

Onset Of.fset Onset O f f s e t  Onset O f f s e t  
ss Score Low Med i um Hiqh 

S . Z .  Mean 2 14 352 171 237 162 227 
S . D .  56 133 26 33 14 23 

H.T. Mean 347 476 25 7 297 214 254 
S . D .  63 i o 3  27 47 29 18 

TABLE 3.2 
Means and Standard Dev ia t i ons  o f  the React ion Times f o r  Two Sub jec ts  t o  the  
Onset and O f f s e t  o f  A .  C .  Electrocutaneous S t i m u l i  a t  Three Frequencies ( cps . ) .  

Frequency (cp.s. ) 

Onset O f f s e t  Onset OfPset Onset O f f  s e t  
ss Score 70 270 5 00 

S . Z .  

H.T. 

Mean 
S . D .  
Mean 

162 
23 

240 

226 
16 

312 

159 
21 

227 

223 
18 

256 

187 
23 

2 86 

332 
15 

320 
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The d i f f e rences  shown i n  F igu re  3 . 1  were t e s t e d  f o r  s i g n i f i c a n c e  by the  

W i l c o x i n  matched-pairs signed ranks t e s t  (Siegel  , 1956, pp. 75-83), u s i n g  t h e  

10 median RTs ob ta ined under each o f  t he  s i x  c o n d i t i o n s  f o r  each 2. 
cases, t h e  ob ta ined p was less  than 0.01. The i n t e n s i t y  v a r i a b l e  was tes ted  

f o r  s i g n i f i c a n c e  by means o f  a Friedman two-way a n a l y s i s  o f  va r iance  (S iege l ,  

1956, pp. 166-172), u s i n g  the  means presented i n  Table 3 . 1 .  The changes i n  RT 

t o  onsets  and o f f s e t s  as a f u n c t i o n  of  i n t e n s i t y  were s i g n i f i c a n t  a t  t h e  0.005 

l e v e l .  

I n  a l l  

D i scuss i on  

The present  r e s u l t s  conf i rm Woodrow's f i n d i n g  t h a t  RT i s  f a s t e r  t o  the  
c 

onset than t o  the  o f f s e t  o f  e l e c t r i c a l  s t i m u l a t i o n .  Woodrow suggested, as an 

e x p l a n a t i o n  o f  h i s  r e s u l t s ,  masking caused by t h e  a f t e r t i n g l i n g  t h a t  f o l l owed  

h i s  s t i m u l i .  I n  the  present  s tudy ,  2 s  repor ted  no a f t e r t i n g l i n g .  They d i d  

r e p o r t  a tendency f o r  the  s t imu lus  to  "adapt ou t "  w i t h  cont inued s t i m u l a t i o n .  

Th is  was most apparent a t  t he  weaker i n t e n s i t i e s .  Thus, the  s u b j e c t i v e  

i n t e n s i t y  o f  t he  s t imu lus  was less  a t  the  o f f s e t  than a t  t he  onset o f  s t i m u l a t i o n ,  

a f a c t  t h a t  i s  c o n s i s t e n t  w i t h  t he  f i n d i n g  o f  longer RTs t o  s t imu lus  o f f s e t s  than 

onsets.  

Experiment I I :  The E f f e c t s  o f  Frequency 

I n  t h i s  experiment, i n t e n s i t y  was h e l d  a t  5 6 5 p A  w h i l e  t h e  f requency o f  

t h e  ac s t imu lus  was v a r i e d .  The frequencies a t  which t e s t s  were conducted were 

70, 270, and 500 cps. 

Experiment I . 

The - Ss apparatus and procedure were t h e  same as i n  

Resul ts and D iscuss ion  

Again, the  median RT for  each b l o c k  o f  f i v e  t r i a l s  was computed, and the  means 

and standard d e v i a t i o n s  o f  these medians f o r  each frequency X onse t -o f f se t  combina- 

t i o n  were determined, as shown i n  Table 3.2.  I n  o r d e r  t o  make the  outcome of t h e  

experiment more ev iden t ,  t h e  i n f l uence  o f  change i n  s t imu lus  f requency on onset  and 

o f f s e t  RT i s  shown g r a p h i c a l l y  i n  F igure  3.2. As shown i n  t h i s  f i g u r e ,  o f f s e t  RTs 
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were, i n  a l l  cases, longer  than onset RTs. These d i f f e r e n c e s  were tes ted  f o r  s i g n i -  

f i cance  and were found, w i t h  one except ion,  t o  be s i g n i f i c a n t  a t  the  .005 l e v e l .  

The excep t iona l  case was t h a t  o f  2 H. T .  a t  500 cps, where the d i f f e r e n c e  was 

s i g n i f i c a n t  a t  the .05 l e v e l .  A r e l a t i o n s h i p  between frequency and RT i s  

suggested, though no t  c l e a r l y  ind ica ted ,  i n  F igure  3.2. S e n s i t i v i t y ,  as indexed 

by RT, was apparent ly  g rea tes t  a t  270 cps, and l e a s t  a t  500 cps. 

o f  t he  records o f  i n d i v i d u a l  2s ( r e f e r  t o  Table 3 .2 )  i s  i n s t r u c t i v e  i n  t h i s  connect- 

ion,  

f o r  2 S .  Z. there  appears t o  be on ly  a s l i g h t  r e l a t i o n s h i p  w i t h  respect  t o  o f f s e t  

Examination 

The r e l a t i o n s h i p  i s  s t r o n g l y  suggested by the  performance o f  3 H. T., b u t ,  

RTs. I n  s p i t e  of  t h i s  

ance ind i ca ted  o v e r a l l  

RTs, and no r e l a t i o n s h i p  a t  a l l  w i t h  respect  t o  onset 

somewhat confused p i c t u r e ,  a Friedman a n a l y s i s  o f  var  

s i g n i f i c a n c e  f o r  t he  f requency v a r l a b l e .  

Experiment I l l :  Reaction Time As a Func i o n  o f  the  Rise 

and Decay Time of the  E l e c t r i c a l  St imulus 

I n  h i s  d i scuss ion  o f  the adapta t ion  of  nerves and sense organs, Adr ian  (1928) 

of ered evidence f o r  a rap id  increase i n  the f requency o f  neura l  impulses a t  t h e  

onset o f  s t i m u l a t i o n ,  f o l l owed  by a gradual  d e c l i n e  i n  the  f requency o f  impulses 

w i th  cont inued s t i m u l a t i o n ,  A t  the psychophysical  l e v e l ,  T rav i s  t G r i f f i t h  

(1936) have repor ted  a rap ld  i n i t i a l  adap ta t i on  t o  ac s t i m u l a t i o n ,  f o l l owed  by a 

p e r i o d  o f  s lower adap ta t i on  i n  which the  i n t e n s i t y  o f  sensat ion  g r a d u a l l y  d im in i shes .  

F ind ings  such as these suggest an exp lanat ion  f o r  our  obse rva t i on  o f  longer RTs t o  

the  o f f s e t  than t o  the  onset o f  e l e c t r i c a l  s t i m u l a t i o n .  A t  t he  onset o f  an ac 

s t imu lus ,  there  Is a sharp r i s e  In  the  frequency o f  neura l  impulses. HoweverS 

w i t h  cont inued s t l m u l a t l o n ,  the f i r i n g  r a t e  decreases due t o  adap ta t i on  so t h a t  

t h e  change i n  neura l  a c t i v i t y  i s  less a t  the  o f f s e t  o f  the  s t imu lus  than a t  i t s  

onset .  I f ,  I n  the  case under cons idera t ion ,  a change i n  sensory nerve a c t i v i t y  i s  

t 

f 

the occasion f e r  a r e a c t i o n ,  the  change i n  sensory nerve a c t i v i t y  a t  t he  o f f s e t  o f  
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s t i m u  

a c t i v  

a t i o n  may no t  be as e a s i l y  detected as the  r e l a t i v e l y  l a r g e r  change i n  

t y  a t  the onset of  s t i m u l a t i o n ,  w i t h  t h e  r e s u l t  t h a t  more t ime i s  requ i red  

t o  r e a c t  t o  i t .  I f  t h i s  i s  the case, p r e s e n t a t i o n  and t e r m i n a t i o n  o f  a s t imu lus  

i n  such a way as t o  reduce the d i f f e r e n c e  between onset and o f f s e t  a c t i v i t y  

should have the  e f f e c t  o f  reducing the d i f f e r e n c e  between the  t ime r e q u i r e d  t o  

r e a c t  t o  the  onset o f  s t i m u l a t i o n  and the  t ime r e q u i r e d  t o  r e a c t  t o  i t s  o f f s e t .  

S ince use o f  an ac s t imu lus  w i t h  a very s low r i s e  and decay t ime should avo id  t h e  

r a p i d  i n i t i a l  increase i n  nerve impulses, i t  may be p o s s i b l e  t o  make the  r e q u i r e d  

t e s t  by a systemat ic  v a r i a t i o n  of s t imu lus  r i s e  and decay t ime.  

3 f a c t o r  experiment was performed i n  which s t i m u l u s  r i s e  t ime, s t imu lus  decay t ime,  

and s t i m u l u s  i n t e n s i t y  were v a r i e d .  

Accord ing ly ,  a 

Method 

.- Sub jec ts  

Three male s tudents served as 2 s .  P r i o r  t o  the  exper iment,  each s tudent  made 

a t  l e a s t  1,000 p r a c t i c e  r e a c t i o n s  t o  e l e c t r i c a l  s t i m u l i .  

Apparatus and Procedure 
- 

The apparatus was the  same as t h a t  'employed i n  Experiments I and I ! .  St imulus 

r ise-decay t ime was v a r i e d  by means o f  the  e l e c t r o n i c  s w i t c h .  The s t i m u l i  t o  be 

used i n  the exper iment were d isp layed on a T e k t r o n i x  s torage o s c i l l o s c o p e ,  

Model 549, and found t o  be sigmoidal  i n  shape. 

S t i m u l i  w i t h  r ise-decay t imes o f  .5, 5 ,  26, 140 and 340 msec. were employed. 

They were presented a t  f i v e  i n t e n s i t i e s :  2, 4, 6, 8, and 10 db above 2's th resho ld .  

These values were chosen because they span an i n t e n s i t y  range f rom near th resho ld  

t o  s t r o n g .  The th resho ld  for  each 3 was determined, p r i o r  t o  t h e  exper iment,  by 

a s i m p l i f i e d  method of  l i m i t s  i n  which o n l y  s t i m u l a t i o n  o f  inc reas ing  i n t e n s i t y  

was used, Because o f  occas ional  changes i n  S's s e n s i t i v i t y  d u r i n g  t h e  10 e x p e r i -  

mental  sessions, i t  was necessary t o  increase the  weakest i n t e n s i t y  a t  t imes and 

so the  i n t e n s i t i e s  repor ted below a r e  means. However, adjustments i n  i n t e n s i t y  
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I 

were never l a r g e r  than 20M. 

- Ss were: 

l,O33/rA; R .  H .  = 340, 400, 520, 700 and 9OOAA. 

The st imulus i n t e n s i t i e s  exper ienced by the t h r e e  

E .  P .  = 338, 400, 500, 640, and 80044; L .  M .  = 426, 550, 693, 881 and 

I 

The program f o r  a s i n g l e  exper imental  sess ion cons is ted  o f  the  de terminat ion  

o f  f o u r  onset RTs f o r  one i n t e n s i t y  X r i s e  t ime combinat ion,  repeated b y  f o u r  o f f -  

s e t  RTs f o r  t h i s  s t imu lus  combination. T h i s  procedure was fo l lowed f o r  a l l  25 

i n t e n s i t y  X r ise-decay combinat ions.  There were 10 exper imenta l  sessions i n  a l l ,  

I and hence f o r t y  RTs were obta ined f o r  each s t imu lus  combinat ion.  I n  h a l f  o f  t h e  

exper imenta l  sessions, onset RTs were c o l l e c t e d  f i r s t .  I n  t h e  remaining h a l f ,  t h i s  

o r d e r  was reversed. A lso,  the order  i n  which the  25 i n t e n s i t y  X r ise-decay t ime 

, combinat ions were admin is tered was var ied  f rom sess ion t o  session. These measures 

were taken t o  c o n t r o l  f o r  t h e  p o s s i b i l i t y  o f  o r d e r  e f f e c t s .  

Resu 1 t s  

Tab le  3.3 shows the  means and standard d e v i a t i o n s  o f  RT f o r  each 2 under each 

exper imenta l  c o n d i t i o n .  F igure  3 . 3  shows the r e l a t i o n s h i p  between r i s e  and decay 

t ime, p l o t t e d  on t h e  absc issa i n  msec., and RT, p l o t t e d  on the  o r d i n a t e  i n  

msec., a t  f i v e  l e v e l s  of i n t e n s i t y  f o r  the t h r e e  2 s .  With  t h e  except ion  o f  t h e  

o f f s e t  RTs t o  t h e  s t i m u l i  o f  weakest i n t e n s i t y ,  t h e r e  appears t o  be a l i n e a r  

increase i n  RT as b o t h  r i s e  t ime and decay t ime increase.  Wi th respect  t o  onset  

RTs, t h e  s lope o f  t h e  curve d e s c r i b i n g  t h i s  r e l a t i o n s h i p  appears t o  become s l i g h t l y  

less  as the  l e v e l  o f  i n t e n s i t y  increases. The s lopes o f  t h e  o f f s e t  curves do n o t  

change as the l e v e l  o f  s t imu lus  i n t e n s i t y  changes. 

A t  t h e  weakest s t i m u l u s  i n t e n s i t y  employed, t h e r e  was an exponent ia l  increase 

i n  o f f s e t  RT as decay t ime increased. Th is  r e l a t i o n s h i p  was ev ident  i n  t h e  

performance o f  two o f  t h e  th ree  2s. Data c o l l e c t e d  two weeks a f t e r  the  conc lus ion  

o f  t h e  exper iment revealed the r e l a t i o n s h i p  f o r  t h e  t h i r d  2 as w e l l .  
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TABLE 3.3 

Means and standard d e v i a t i o n s  for  each i n t e n s i t y ,  r ise-decay time, and onset- 
o f f s e t  combination for  each sub jec t .  

Rise-Decay Time (msec.) 
Subject  I n t e n s i t y  0 .  .o  2 140 40 

- FA On 50ff On5 O f f  On 50ff  On O f f  On3 O f f  
L.M. 426 Mean 295 534 325 527 370 674 497 720 922 866 

S . D .  72 I41 91 208 142 275 86 I93 I05 I86 
550 Mean I79 318 210 343 243 344 441 486 821 658 

S . D .  26 72 46 63 26 56 61 104 50 75 
693 Mean 165 242 I80 249 232 278 401 375 744 590 

S . D .  I4 33 14 34 26 31 31 35 66 82 
88 1 Mean 159 220 I77 229 222 247 383 352 718 502 

S . D .  14 22 I6 32 20 25 34 42 35 63 
1 I33 Mean I56 209 167 210 209 233 380 322 683 585 

E . P .  338 Mean 337 582 345 598 403 678 587 819 985 821 
S . D .  143 190 95 222 83 257 99 278 98 217 

400 Mean 283 521 302 536 347 476 555 583 854 781 
S . D .  61 195 66 I65 69 155 63 I95 138 211 

500 Mean 242 341 223 340 279 353 491 477 850 694 
S .D 82 94 44 I18 52 73 60 95 41 I16 

640 Mean 174 240 195 251 249 269 431 387 755 583 
S . D .  24 28 40 37 29 38 29 48 90 66 

800 Mean I66 213 180 219 233 242 401 336 735 529 
S . D .  I8 25 20 19 23 27 24 27 42 44 

R.H. 340 Mean 301 360 296 481 350 428 524 504 907 779 

S.D. 12 27 16 I6 IO 24 37 14 30 46 

S . D .  102 
400 Mean 227 

S . D .  57 
520 Mean I83 

S . D .  39 
700 Mean 157 

goo ' Mean I59 
S . D .  30 

S . D .  25 

100 67 276 73 131 68 116 86 127 
274 205 310 267 304 476 487 823 647 

65 73 86 70 58  47 109 61 83 
218 179 216 226 242 418 363 768 596 
25 32 29 37 21 41 34 59 103 

191 I73 204 221 228 383 325 703 559 
15 24 I6 27 32 24 21 37 87 

I88 I59 190 208 219 368 315 689 505 
22 17  17 27 I6 21 20 37 35 
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. 
A f i n d i n g  of p r imary  i n t e r e s t  was t h e  reversa 

o f  t h e  onset  and o f f s e t  RT curves as r i s e  t ime  and 

i n s p e c t i o n  of F igu re  3 . 3 ,  t he  PO 

curves a t  a g i ven  i n t e n s i t y  leve  

f rom t h i s  p o i n t  t o  t h e  abscissa, 

i n  the  r e l a t i v e  p o s i t  

decay t ime increased. 

ons 

BY 

n t  of i n t e r s e c t i o n  f o r  the  onset and o f f s e t  

can be asce r ta ined .  By dropp ing  a l i n e  

one can read the  ramp t ime t h a t  r e s u l t s  i n  

equal onset and o f f s e t  RTs. The way i n  which on=of f  ramp t ime depends upon 

s t i m u l u s  i n t e n s i t y  i s  shown i n  F igure  3.4. I n  t h i s  f i g u r e ,  t he  on=of f  ramp 

t imes for  each 5 a r e  shown by the do t ted  curves. The s o l i d  curve  i s  the  

mean on-off ramp t ime f o r  the  th ree  2 s  and i s  p l o t t e d  aga ins t  mean i n t e n s i t y  

l e v e l s  on the  abscissa. The on=off  ramp t ime decreases w i t h  increased i n t e n s i t y .  

D iscuss ion  

The exponen t ia l  o f f s e t  curves obtained w i t h  t he  s t i m u l i  o f  weakest i n t e n s i t y  

a r e  s i m i l a r  t o  the  accommodation curves found by Kugelberg (1944) w i t h  rheobase 

measures and s t i m u l i  t h a t  rose to  f u l l  s t r e n g t h  a t  an exponent ia l  r a t e .  We have 

found h ighe r  th resho lds  f o r  o f f s e t  s t i m u l i  than f o r  onset s t i m u l i .  Thus, t o  

be su re  t h a t  a l l  s t i m u l i  would be above th resho ld ,  s t imu lus  i n t e n s i t i e s  were 

ad jus ted  i n  terms o f  o f f s e t  r a t h e r  than onset t h resho lds .  

The f i n d i n g  t h a t  onset and o f f s e t  RTs passed through a p o i n t  o f  e q u a l i t y  

as t h e  r a t e  o f  change i n  energy a t  the onset  o r  o f f s e t  o f  t h e  st imulus(ramp t ime) 

i s  increased, i s  c o n s i s t e n t  w i t h  an adap ta t i on  hypothes is .  A t  longer r i s e  

t imes, the  i n i t i a l  b u r s t  of  impulses assoc ia ted  w i t h  f a s t  r i s e  t imes i s  avoided 

and hence the  change i n  the  l e v e l  o f  neura l  a c t i v i t y  r e s u l t i n g  f rom t h e  onset 

o f  t h e  s t imu lus  becomes more s i m i l a r  t o  the  change t h a t  takes p lace  a t  i t s  

o f f s e t .  According t o  t h i s  reasoning, on=of f  ramp t ime f o r  a g iven s t imu lus  

i n t e n s i t y  i s  reached when the  change i n  t h e  l e v e l  o f  neura l  a c t i v i t y  a t  t he  

onset  o f  t h e  s t imu lus  i s  so s i m i l a r  t o  the  change i n  t h e  l e v e l  a t  i t s  o f f s e t  

t h a t  the  t w o  events become e q u a l l y  d i s c r i m i n a b l e .  
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The f i n d i n g  t h a t  o f f s e t  RTs become longer  than onset RTs a t  longer s t imu lus  

ramp t imes may be due t o  r a p i d  accommodation o f  nerves t o  s t i m u l i  w i t h  long 

r i s e  t imes which would r a i s e  the threshold f o r  the  d e t e c t i o n  o f  the onset o f  

s t i m u l a t i o n .  Whether o r  no t  t h i s  i s  the case may be determinable by sur face  

reco rd ing  of  compound p e r i p h e r a l  nerve a c t i o n  p o t e n t i a l s .  

On=off ramp t ime may prove t o  be a a s e f u l  index i n  psychophysical  and 

e l e c t r o p h y s i o l o g i c a l  s tud ies  i n v o l v i n g  e lect rocutaneous s t i m u l a t i o n .  For 

ins tance,  if the  increase i n  bo th  onset and o f f s e t  RTs assoc ia ted  w i t h  long  

s t i m u l u s  ramp t imes i s  due t o  the  accommodation o f  r a p i d l y  conduct ing f i b e r s ,  

then i t  ought t o  be p o s s i b l e  t o  demonstrate the  on=of f  ramp e f f e c t  by ischemia, 

which has been shown t o  produce a decrease i n  the  la tency  and ampl i tude o f  nerve 

a c t i o n  p o t e n t i a l s  evoked by s t i m u l a t i o n  o f  the  u l n a r  nerve i n  man ( U t t a l ,  1964). 
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